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T h i s i s t h e first o f a ser ies o f shor t b i o g r a p h i c a l s k e t c h e s o f t e n f o u n d i n g f a t h e r s o f t h e e lectr ical 
s c i e n c e to a p p e a r ser ia l ly i n E L E C T R I C A L E N G I N E E R I N G . T h e se l ec t i on is a r b i t r a r y a n d 
o t h e r m e n o f e q u a l or p o s s i b l y g r e a t e r c o m p e t e n c e n e c e s s a r i l y m u s t b e o m i t t e d . T h e ser ies 
s h o u l d p r o v e o f part i cu lar i n t e r e s t to m e m b e r s a n d s t u d e n t s , p r o v i d i n g a b e t t e r u n d e r s t a n d i n g 
o f t h e f o u n d e r s o f s o m e o f t h e f u n d a m e n t a l e lectr ica l p r i n c i p l e s a n d u n i t s u s e d i n d a i l y w o r k . 
D r . Wi l l iam G i l b e r t , roya l p h y s i c i a n a n d a u t h o r of t h e first treat i se o n e lec tr ic i ty , d e m o n s t r a t e d 
a lmost all t h e p r o p e r t i e s o f t h e m a g n e t , ident i f i ed t h e e a r t h as a g r e a t m a g n e t , a n d t a u g h t t h e 

dis t inct ion b e t w e e n e lectr ical a n d m a g n e t i c at tract ion . 

DR . W I L L I A M G I L B E R T of Colches te r , E n g l a n d , 
is c l a i m e d b y b o t h t h e e lec t r ica l scientists a n d expe r i ­
m e n t a l scientists as a " f i r s t . " H e w a s a p r o d u c t of 

the e r a of g rea tes t e x p a n s i o n in E n g l a n d ' s h i s t o r y — t h e 
re ign of E l i z a b e t h I — w h e n 
t h e front iers of t h e phys ica l 
w o r l d a n d its social ins t i tu­
t ions w e r e be ing e x t e n d e d as 
neve r before. 

G i lbe r t ' s o u t s t a n d i n g con ­
t r i bu t ion is his book " D e 
M a g n e t e , " p u b l i s h e d in L o n ­
d o n in 1600. I n this s l ender 
folio G i l b e r t set d o w n t h e r e ­
sults of n e a r l y a score of yea r s 
of in tens ive e x p e r i m e n t a t i o n 
w i t h all t h e bodies h a v i n g 
m a g n e t i c a n d elect r ica l p r o p ­
ert ies k n o w n in his d a y . F o r 
t h e m e a g e r n e s s i n n u m b e r 
of these subs tances showing 
m a g n e t i c a n d elect r ic power s 
of a t t r ac t i on , G i l b e r t p r o ­
v ided a v a r i e d a n d ingen ious 
series of e x p e r i m e n t s t o d e ­
t e r m i n e j u s t w h a t these p r o p ­
ert ies w e r e . By ac tua l l y p e r f o r m i n g e a c h e x p e r i m e n t h i m ­
self a n d desc r ib ing i t in full de ta i l in his book , G i l b e r t 
es tab l i shed a p a t t e r n of m e t h o d i c a l e x p e r i m e n t a l inves t iga­
t ion , t h e first i n E n g l a n d , t h a t h e l p e d u s h e r in t h e scien­
tific r evo lu t ion . W e owe to G i l b e r t t h e c o n c e p t t h a t 
t h e e a r t h itself is a m a g n e t i c b o d y l ike t h e l o a d s t o n e t h e n 
used in m a k i n g t h e m a r i n e r ' s compass . H i s careful a n d 
of t - repeated e x p e r i m e n t s swep t a w a y m u c h of t h e a c c u m u ­
la ted mys t ic i sm a n d mis in fo rma t ion t h a t h a d g a t h e r e d 
a r o u n d this s tone w i t h its u n u s u a l a t t r a c t i v e p rope r t i e s . 
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Forming a magnet by beating a hot iron bar in the 
north (septentrio) and south (auster) direction 

W i l l i a m G i l b e r t w a s t r a i n e d in m e d i c i n e a t C a m b r i d g e 
a n d rose in his profession to b e c o m e phys i c i an to t w o 
m o n a r c h s ( E l i z a b e t h a n d J a m e s I ) . L i v i n g a t a t i m e of 
w i d e d i scovery a n d e x p l o r a t i o n , his cur ios i ty w a s a t t r a c t e d 

b y t h e p r o p e r t i e s of t h e l o a d ­
s tone . T h e r e p o r t s of t h e 
exp lo re r s of t h e va r i a t i ons of 
t h e c o m p a s s in different posi ­
t ions o n t h e e a r t h ' s surface , 
t h e p h e n o m e n o n of d i p , a n d 
t h e r e t e n t i o n of t h e m a g n e t i c 
p r o p e r t i e s of t h e l o a d s t o n e 
e v e n w h e n b r o k e n i n t o sma l l e r 
p a r t s , c a u s e d h i m to t r y to 
d e t e r m i n e j u s t w h a t t h e e x a c t 
b e h a v i o r of these e l e m e n t s 
was . 

I n t h e field of e lec t r ic i ty , 
G i l b e r t ' s s t u d y w a s t h e first 
f o r w a r d s tep since t h e t i m e 
of T h a l e s (600 B . C . ) . By 
a d d i n g a c h a p t e r on e lec­
t r ic i ty to t h e o t h e r five c h a p ­
ters o n t h e m a g n e t , G i l b e r t 
s t i m u l a t e d e lec t r ica l inves t i ­
g a t i o n in t h e m i n d s of t h e 

scientif ically cu r ious w h e r e v e r h is b o o k w a s r e a d . T h e 
L a t i n t ex t of his book m a d e its c o n t e n t s r e a d i l y u n d e r ­
s tood o n t h e C o n t i n e n t as wel l as in E n g l a n d ; i t was r e ­
issued on t h e C o n t i n e n t in 1628 a n d 1633 . 

U p to G i l b e r t ' s t i m e o n e e lec t r ica l fact h a d b e e n gene ra l l y 
a c c e p t e d , t h a t a m b e r a n d j e t ( d i a m o n d w a s a d d e d b y 
F r a c a s t o r o in 1546) , w h e n r u b b e d , a t t r a c t e d l igh t bod ies . 
P u r s u i n g t h e p h e n o m e n a of a t t r a c t i o n , G i l b e r t d e t e r m i n e d 
e x p e r i m e n t a l l y t h a t a w i d e v a r i e t y of m a t e r i a l h a d e lec­
t r i ca l p rope r t i e s . H e dev ised a p i v o t e d m e t a l l i c n e e d l e 
(a c r u d e e lec t roscope) , a n d f o u n d t h a t n o t on ly a m b e r 
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a n d j e t , b u t m o r e t h a n a d o z e n o t h e r subs t ances a c q u i r e d 
electr ic p r o p e r t i e s w h e n r u b b e d ; these h e t e r m e d 
" e l e c t r i c s . " T h o s e subs t ances w h i c h c o u l d n o t b e m a d e 
to a c q u i r e t h e a t t r a c t i v e p o w e r h e ca l l ed " a n e l e c t r i c s . " 
H e f o u n d glass, s u l p h u r , w a x , c rys ta ls , a n d a d o z e n g e m s , 
rea l a n d art if icial , to h a v e e lec t r ic a t t r a c t i v e p o w e r w h e n 
r u b b e d . Ane lec t r i c s i n c l u d e d w o o d , b o n e , m e t a l s , a n d 
even t h e l o a d s t o n e . H e also f o u n d t h a t e v e r y t h i n g soUd 
or th ings subjec t to o u r senses c o u l d b e a t t r a c t e d b y r u b b e d 
electr ics. I n d i f fe ren t ia t ing b e t w e e n m a g n e t i c a n d e lec t r ic 
a t t r ac t i ons h e obse rved , " a l o a d s t o n e a p p e a l s to m a g n e t i c k s 
only , t o w a r d s e lectr icks a l l t h ings m o v e . A l o a d s t o n e 
raises g r e a t we igh t , so t h a t if t h e r e is a l o a d s t o n e w e i g h i n g 
t w o ounces a n d s t rong , i t a t t r a c t s ha l f a n o u n c e o r a w h o l e 
ounce . A n elec t r ick s u b s t a n c e on ly a t t r a c t s v e r y sma l l 
we igh t s ; as, for i n s t ance , a p iece of a m b e r of t h r e e o u n c e s 
weight , w h e n r u b b e d , sca rce raises a fou r th p a r t of a g r a i n 
of ba r l ey . B u t this a t t r a c t i o n of a m b e r a n d of e lec t r ica l 
subs tances m u s t b e fu r the r i n v e s t i g a t e d . " 

T h e resul ts of G i l b e r t ' s e x p e r i m e n t a t i o n w i t h e lectr ics 
resul ted in m o r e t h a n a score of d iscover ies n e v e r p rev ious ly 
r e c o r d e d . O f these discoveries , t h e m o s t i m p o r t a n t half-
dozen a r e t h e g e n e r a l classification of e lect r ics a n d n o n -
electr ics ; t h e obse rva t ions t h a t m o i s t u r e a n d d a m p n e s s 
h i n d e r e lec t r i f ica t ion; t h e g e n e r a l i z a t i o n t h a t electr i f ied 
bodies a t t r a c t every k i n d of s u b s t a n c e i n c l u d i n g m e t a l s , 
l iquids , a n d even s m o k e ; t h e i n v e n t i o n of a p i v o t e d 
meta l l i c e lec t roscope ; t h e obse rva t i on t h a t t h e e lec t r ic , 
n o t t h e i n t e r v e n i n g air , ho lds t h e a t t r a c t i v e p o w e r ; a n d 
the obse rva t ion t h a t h e a t i n g a n d r o a s t i n g electr ics t e n d s to 
dispel t h e a t t r a c t i v e p o w e r . I n c o n t r a s t i n g m a g n e t i c a n d 
electr ic a t t r a c t i o n G i l b e r t n o t e d t h a t t h e f o r m e r p e n e t r a t e d 
flame, b u t t h a t t h e l a t t e r d i d n o t . H e also n o t e d t h a t 
e lectr ic ac t ion cou ld b e sc reened b y i n t e r p o s i n g a film 
of p a p e r , fabr ic , o r m e t a l , b u t t h a t m a g n e t i c a t t r a c t i o n 
w o u l d p e n e t r a t e th ick s labs of a l m o s t a n y m a t e r i a l e x c e p t 
i ron . G i l b e r t w a s t h e first to r e cogn i ze t h a t w a t e r o r 
mo i s tu re p l aced on a r u b b e d e lec t r ic d e s t r o y e d its v i r t u e 
b u t t h a t oil " w h i c h is l igh t a n d p u r e does n o t h i n d e r i t . " 
H e also obse rved t h a t w h e r e a s n e a r l y al l bod ie s m a y b e 
m a d e respons ive to e lec t r ica l a t t r a c t i o n , on ly those c o n ­
t a in ing i ron w o u l d r e s p o n d m a g n e t i c a l l y . S i m p l e as 
these discoveries w e r e , t h e y still w e r e t h e first a d v a n c e s in 
e lect r ica l k n o w l e d g e in 2 ,000 yea r s . 

N o t al l of G i l b e r t ' s m a g n e t i c a n d e lec t r ica l w o r k is 
desc r ibed in his " D e M a g n e t e " for, in a book b y T h o m a s 
Blundevi l le , p u b l i s h e d in 1602, t h e r e a r e de sc r ibed o t h e r 
of his n a u t i c a l m a g n e t i c a l i n s t r u m e n t s . F u r t h e r , in a s e c o n d 
book b y Gilbert^ p u b l i s h e d after his d e a t h , h e s ta tes a m o n g 
o t h e r a s t r o n o m i c a n d me teo ro log i c con jec tu res t h a t t h e 
reason t h e m o o n a l w a y s p resen t s t h e s a m e face to t h e e a r t h 
is t h a t b o t h e a r t h a n d m o o n a r e m a g n e t s . 

A t his d e a t h in t h e p l a g u e in L o n d o n in 1603 h e w a s o n e 
of t h e 30,000 L o n d o n e r s to b e c a r r i e d a w a y . As a f o r m e r 
p re s iden t of t h e R o y a l Col lege of Phys i c i ans h e wi l led 
all his i n s t r u m e n t s , l oads tones , books , a n d m a n u s c r i p t s to 
this b o d y . T h e s e all w e r e lost in t h e g r e a t fire of L o n d o n 
in 1666. H i s book , a classic in e x p e r i m e n t a l sc ience , is 
p r ac t i ca l ly al l t h a t r e m a i n s of his m a n y c o n t r i b u t i o n s . 
H i s p a t i e n t e x p e r i m e n t a t i o n ( u p o n w h i c h h e s p e n t his 

en t i r e fo r tune) in w h i c h loads tones , i ron wires , floating 
corks , a n d m a g n e t i c n e e d l e s w e r e e x a m i n e d , w a s scorned 
b y his p r o m i n e n t c o n t e m p o r a r y , t h e l e a r n e d F r a n c i s 
B a c o n . H e w r o t e : " G i l b e r t h a t h a t t e m p t e d a g e n e r a l 
sys tem o n t h e m a g n e t , e n d e a v o r i n g to b u i l d a sh ip o u t of 
m a t e r i a l s n o t sufliicient t o m a k e r o w i n g p i n s of a b o a t " 
a n d " A s t h e a l chemis t s m a d e a p h i l o s o p h y o u t of a few 
e x p e r i m e n t s of t h e f u r n a c e , G i l b e r t , o u r c o u n t r y m a n , h a t h 
m a d e a p h i l o s o p h y o u t of t h e l o a d s t o n e . " Stil l i t b r o u g h t 
to a n in te l l ec tua l ly c u r i o u s w o r l d s o m e s imple t r u t h s of 
m a g n e t i c a n d e lec t r ica l b e h a v i o r . S o pos i t ive w a s G i l b e r t 
of t h e i m p o r t a n c e of h is c o n t r i b u t i o n s t h a t h e i n d i c a t e d 
t h e m b y t h e use of as ter isks i n t h e m a r g i n s of his work . 
W e c o u n t 21 m a j o r d iscover ies a n d 178 m i n o r ones , so 
classified. S imi l a r ly , h e d i d n o t he s i t a t e ca l l ing his con ­
t r i b u t i o n s a " n e w p h y s i o l o g y . " T i m e h a s p r o v e d h i m 
b o t h r i g h t a n d m o d e s t . H e h a d c h a n g e d t h e mys t i c , 
i m p o v e r i s h e d k n o w l e d g e of " m a g n e t i c s " a n d " e l e c t r i c s " 
of his d a y i n t o a p r o v e d b o d y of e x p e r i m e n t a l d a t a . 
G i l b e r t , o n e of t h e first a m o n g m o d e r n s w h o r e so r t ed to 
e x p e r i m e n t i n g t o l e a r n f rom n a t u r e ' s p rac t i ces , in his 
book p l e a d e d c o n s t a n t l y t h a t t h e r e a d e r shou ld c o n v i n c e 
h imsel f b y r e p e a t i n g t h e e x p e r i m e n t s desc r ibed . H i s 
c o n t r i b u t i o n , the re fo re , n o t o n l y is t h e first book d e v o t e d 
to e x p e r i m e n t a l m a g n e t i s m o r e lec t r ic i ty , b u t is also t h e 
first book p r i n t e d in E n g l a n d o n e x p e r i m e n t a l physics . 
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TEN FOUNDING FATHERS OF THE ELECTRICAL SCIENCE 

II. O T T O VON GUERICKE 
and the first electric machine 

B E R N D I B N E R 
F E L L O W A I E E 

Otto v o n G u e r i c k e c o n s t r u c t e d t h e first e lectr ic m a c h i n e — a n e lectrostat ic g e n e r a t o r — b y 
m e a n s o f w h i c h h e g e n e r a t e d t h e first v i s ib le a n d a u d i b l e e lectr ic d i s c h a r g e s . W i t h t h e n e w 
m a c h i n e h e o b s e r v e d t h e b e h a v i o r o f t h e e lectr ic c h a r g e a l o n g t h e e lectr ica l b o d y , a n d took 

t h e first s t e p i n t h e e v e r - e x t e n d i n g p r o c e s s of e lectr ic t ransmiss ion o f p o w e r . 

AL T H O U G H B E T T E R K N O W N for his e x p e r i m e n t s 
in d e t e r m i n i n g the p ressure of a i r t h a n for his c o n ­
t r ibu t ions to t h e science of e lectr ic i ty , it was O t t o 

von G u e r i c k e w h o devised a n d used t h e first e lec t r ic 
m a c h i n e , a n e lect ros ta t ic gene ra to r . 

G u e r i c k e w a s ac t ive b o t h pol i t ical ly a n d scientifically 
in t he t u r b u l e n t t imes 
of t he m i d - 1 6 0 0 ' s ; h e 
p a r t i c i p a t e d in t h e d is ­
as t rous T h i r t y Years 
W a r a n d w a s t h e b u r g o ­
m a s t e r of M a g d e b u r g , 
Prussia , for 35 years . 
H e inven ted t h e first 
a i r p u m p a b o u t 1645 
a n d in t h e fol lowing 
10 years i m p r o v e d 
its cons t ruc t ion a n d 
inspi red R o b e r t H o o k e 
a n d R o b e r t Boyle in 
E n g l a n d t o a d v a n c e 
its use. H e devised 
a s tack of sealed brass 
tubes to d e m o n s t r a t e 
t h e h e i g h t a t w h i c h 
a i r p ressure will s u p p o r t a c o l u m n of w a t e r . W i t h this , 
t h e first w a t e r b a r o m e t e r , h e d e m o n s t r a t e d t h a t va r i a t ions 
in t h e t o p of t h e c o l u m n a r e associa ted w i t h c h a n g e s in 
w e a t h e r . 

T h e science of e lect r ic i ty owes to G u e r i c k e a d e b t for 
his inven t ion , in 1660, of its first e lec t r ic m a c h i n e . T h i s 
m a c h i n e is desc r ibed b y G u e r i c k e in his book " E x p e r i m e n t a 
N o v a M a g d e b u r g i c a , " pub l i shed in A m s t e r d a m in 1672. 
H e r e also a r e desc r ibed electr ic c o n d u c t i o n a n d e lect r ic 
repuls ion , w h i c h h a d b e e n desc r ibed ear l i e r b y C a b e o 
in 1629. G i l b e r t n o t on ly h a d failed t o no t i ce r epu l s ion , 
h e d e n i e d its ex i s t ence ; G u e r i c k e r ecogn ized t h e signif­
i cance of repuls ion a n d e x p e r i m e n t e d w i t h it. H e no t i ced 
t h a t after t h e s u l p h u r g lobe h a d b e e n electrif ied b y r u b b i n g , 
a b o d y first w o u l d b e a t t r a c t e d t o it a n d , o n c o n t a c t , b e 
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repe l led . If this b o d y t h e n t o u c h e d a n y o t h e r b o d y b u t 
t h e s u l p h u r g lobe it a g a i n w o u l d be a t t r a c t e d to t h e g lobe . 
G u e r i c k e h a d c o n s t r u c t e d his m a c h i n e so t h a t t h e g lobe on 
its shaft c o u l d b e lifted f rom its s u p p o r t s a n d c a r r i e d a b o u t 
t h e r o o m as s h o w n in t h e d i a g r a m in his book . H e o b ­
served t h a t a f ea the r floating in t h e a i r w o u l d b e r epe l l ed 

b y t h e g lobe , t h a t t h e 
f ea the r p re fe r red a t ­
t r a c t i o n to " t h e po in t s 
of a n y objec t w h a t s o ­
eve r before it, a n d it is 
possible to b r i n g it to 
w h e r e it m a y c l ing to 
t h e nose of a n y o n e . " 
P o i n t e d c o n d u c t o r s 
there fore w e r e m o s t 
eflfective in a t t r a c t ­
i n g a n e l e c t r i f i e d 
b o d y . 

T h e c o n s t r u c t i o n of 
th is e lec t r ic m a c h i n e , 
t h e first r o t a t i n g g e n ­
e r a t o r , w a s bas ica l ly 

von Guericke "Experimenta Nova," 1672 a Sulphur ba l l rCVOlv-
i n g o n a shaft. T h e 

bal l was fo rmed b y p o u r i n g m o l t e n s u l p h u r i n to a sphe r ­
ical glass c o n t a i n e r . W h e n t h e s u l p h u r coo led , t h e glass 
shell w a s b r o k e n a w a y l e a v i n g its s p h e r i c a l f o r m ; i n t o 
this a n i r on shaft w a s inse r t ed a n d t h e a s sembly t h e n 
w a s m o u n t e d o n t h e b e a r i n g s u p p o r t s of a w o o d e n f r a m e . 
W h e n revo lved , a d r y h a n d w a s a p p l i e d t o t h e r evo lv ing 
sphe re . T h i s electrif ied t h e s p h e r e w h i c h t h e n w a s s h o w n 
to a t t r a c t p a p e r , fea thers , l in t , a n d o t h e r l i gh t ob jec ts . 
I t a lso w a s n o t e d t h a t these a d h e r e d t o t h e s p h e r e as i t 
r o t a t e d a n d it p r o m p t e d G u e r i c k e to c o m p a r e i t t o objects 
c l ing ing t o t h e surface of t h e e a r t h . H e t h u s ass igned a n 
e lec t r ica l c a u s e to t h e a t t r a c t i o n of t h ings to t h e e a r t h ' s 
surface as aga ins t G i l b e r t w h o be l i eved this a t t r a c t i o n to 
be of m a g n e t i c or ig in . H e also n o t i c e d t h a t t h e r e w a s 
ag i t a t i o n in d r o p s of w a t e r b r o u g h t n e a r t h e electr i f ied 
s p h e r e a n d t h a t t h e a t t r a c t i v e eff'ect was d i s s ipa ted w h e n 
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b r o u g h t n e a r smoke or fire. M o s t i m p o r t a n t of all , 
G u e r i c k e observed smal l spa rks in t h e d i s c h a r g e a n d h e a r d 
the i r c r ack l ing s o u n d . T h u s , for t h e first t i m e , s o m e o n e 
ac tua l ly saw a n d h e a r d w h a t he re to fore h a d b e e n m a n i ­
fested on ly as a gen t l e a t t r a c t i v e force. G u e r i c k e n o t e d 
t h a t " if y o u t ake t h e g lobe w i t h y o u i n t o a d a r k r o o m 
a n d r u b it, especial ly a t n igh t , l igh t will r e s u l t " ; fu r the r , 
" t h e r e is l ikewise a v i r t u e of s o u n d in this g lobe , for w h e n it 
is c a r r i e d in t h e h a n d or is he ld in a w a r m h a n d a n d t hus 
b r o u g h t to t he ea r , r oa r ings a n d c rash ings a r e h e a r d in 
i t . " D r . W a l l of L o n d o n , r e p o r t i n g o n s o m e e x p e r i m e n t s 
in 1708 to t h e R o y a l Socie ty , in w h i c h h e h a d p r o d u c e d 
flashes of l ight a n d a c r a c k l i n g s o u n d b y d r a w i n g a l o n g 
p iece of a m b e r t h r o u g h a p iece of w o o l e n m a t e r i a l , m a d e 
t h e p r o p h e t i c obse rva t ion t h a t these sparks , s o m e a n i n c h 
long, r e sembled t h u n d e r a n d l i gh tn ing . 

W i t h t h e n e w m a c h i n e G u e r i c k e obse rved t h e r e p u l s i o n 
of w h a t w e w o u l d ca l l s imi la r ly electrified bodies . O n e 
such b o d y w h i c h first h a d b e e n a t t r a c t e d to t h e s p h e r e 
n o w w a s repe l led b y t h e s p h e r e b u t a t t r a c t e d to o t h e r 
bodies . I t t h e n was a t t r a c t e d a g a i n to t h e s p h e r e after 
h a v i n g c o m e in c o n t a c t w i t h a finger o r u p o n t o u c h i n g 
the g r o u n d . H e also obse rved t h a t a f ea the r w o u l d m o v e 
u p a n d d o w n b e t w e e n s p h e r e a n d g r o u n d . F u r t h e r 
obse rva t ion showed t h a t a n e lec t r ic c h a r g e t r ave l ed o u t t o 
t h e e n d of a l inen t h r e a d a n d t h a t bod ie s b e c a m e c h a r g e d 
even if on ly b r o u g h t close to a c h a r g e d sphe re . T h e 
p h e n o m e n a of b o t h e lec t r ic c o n d u c t i o n a n d i n d u c t i o n 
thus w e r e observed a n d d e m o n s t r a t e d b y G u e r i c k e ; t h e y 
b e c a m e t h e subjec t of ex tens ive inves t iga t ion b y l a t e r 
e lec t r ic ians . G u e r i c k e h a d succeeded in " s h o w i n g o c u l a r l y 
t h a t t h e s u l p h u r g lobe , h a v i n g b e e n prev ious ly exc i ted b y 
r u b b i n g , c a n l ikewise exercise its v i r t ue t h r o u g h a l i nen 
t h r e a d a n ell (45 inches) or m o r e long , a n d t h e r e a t t r a c t 
s o m e t h i n g . " G i l b e r t h a d no t i ced t h e ex tens ion of m a g n e t i c 
inf luence a l o n g a m a g n e t i z e d b a r ; G u e r i c k e s aw t h e s a m e 
behav io r of t h e e lectr ic c h a r g e a l o n g a n electrified b o d y . 

T h u s , b y p l a c i n g a l inen t h r e a d in c o n t a c t w i t h t h e 
electrified g lobe , G u e r i c k e took t h e first s tep in t h e ever -
e x t e n d i n g process of e lectr ic t ransmiss ion of p o w e r , a lbe i t 
t he d i s t ance t r ave led was l i t t le m o r e t h a n a y a r d . S t e p h e n 
G r a y , a half c e n t u r y la te r , e x t e n d e d t h e s p a n of t r ansmiss ion 
to over 250 y a r d s of l inen t h r e a d . I t r e m a i n e d for D u f a y , 
w r i t i n g in 1733 , t o ca l l t h e a t t e n t i o n of t h e R o y a l A c a d e m y 
of Sc ience of F r a n c e to t h e i m p o r t a n c e of G u e r i c k e ' s 
e lectr ical discoveries. 

I t m u s t b e n o t e d t h a t t h e w o r k of G u e r i c k e , as of his 
predecessor W i l l i a m Gi lbe r t , res ted en t i r e ly on a c o m p r e ­
hens ive series of e x p e r i m e n t s , ingen ious ly t h o u g h t o u t a n d 
keenly observed . T h e d r a m a t i c d e m o n s t r a t i o n s of t h e 
pressure of a i r so o v e r s h a d o w e d G u e r i c k e ' s w o r k in e lec­
t r ic i ty t h a t less a t t e n t i o n was p a i d to his e lec t r ica l expe r i ­
m e n t s b y his c o n t e m p o r a r i e s . F o r i n s t ance , o n e of t h e m o s t 
m o v i n g d e m o n s t r a t i o n s in t h e en t i r e h i s to ry of sc ience w a s 
t h a t of Gue r i cke ' s " M a g d e b u r g h e m i s p h e r e s " m a d e before 
the assembled D i e t of R a t i s b o n in 1654. I n this , h e a p p l i e d 
t w o t e a m s of e igh t horses e a c h to pu l l a p a r t t w o c o p p e r 
hemispheres fitted careful ly toge the r , f rom w h i c h t h e a i r 
h a d b e e n e x h a u s t e d b y his v a c u u m p u m p . T h e t e a m s 
s t ra ined b u t t h e h e m i s p h e r e s d i d n o t p a r t . H o w e v e r , 

w h e n t h e s top-cock l e a d i n g to t h e s p h e r e was o p e n e d , t h e 
a i r r u s h e d in a n d t h e s p h e r e p a r t e d . 

U s i n g t h e G u e r i c k e e lec t r ic m a c h i n e as a basis , t h e 
c u r a t o r of i n s t r u m e n t s of t h e R o y a l Socie ty , F r a n c i s 
H a u k s b e e , bu i l t a m a c h i n e t h a t e x t e n d e d t h e c o m p l e x i t y 
of e lec t r ica l d i sp l ay a n d h e p u b l i s h e d his obse rva t ions in 
t h e first d e c a d e of t h e 1700 's . H a u k s b e e c o m b i n e d 
G u e r i c k e ' s t w o foremost c o n t r i b u t i o n s to sc ience—his 
v a c u u m vessel a n d r o t a t i n g s u l p h u r b a l l — b y i n t e g r a t i n g 
t h e m in to a glass s p h e r e c a p a b l e of b e i n g e x h a u s t e d , ye t 
m o u n t e d on t r u n i o n s so t h a t it m i g h t b e r o t a t e d . A 
fu r the r i m p r o v e m e n t w a s t o speed u p t h e r o t a t i o n of t h e 
ba l l b y c o n n e c t i n g it b y a be l t to a l a r g e r w h e e l t u r n e d b y 
a c r a n k . W h e n t h e glass s p h e r e w a s e x h a u s t e d b y a n 
a i r - p u m p , a n d a m b e r a n d woo l w e r e r u b b e d in t h e p a r t i a l 
v a c u u m , a v iv id l u m i n o s i t y w a s obse rved a t t h e po in t s of 
f r ic t ion; remaini r^g l u m i n o u s as l o n g as t h e revo lv ing 
c o n t i n u e d . 

B e g i n n i n g w i t h t h e G u e r i c k e e lec t ros ta t ic m a c h i n e , m a n ' s 
i n t e re s t in e lec t r ic i ty s t ead i ly i nc rea sed . F r o m this first 
s p h e r e , t h e size of a ch i ld ' s h e a d , o the r s w e r e bu i l t of 
i nc r ea s ing size a n d c o m p l e x i t y u n t i l spa rks 5 feet l o n g w e r e 
o b t a i n e d . W i t h these a m o r e e x a c t k n o w l e d g e of the 
b e h a v i o r of t h e e lec t r ic c h a r g e a n d electrif ied bodies saw 
m a d e possible. 
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TEN FOUNDING FATHERS OF THE ELECTRICAL SCIENCE 

III . BENJAMIN FRANKLIN 
and the universal nature of electricity 

B E R N D I B N E R 
F E L L O W A I E E 

B e n j a m i n F r a n k l i n e s t a b l i s h e d t h e i d e n t i t y o f fricdon-produced e lec tr ic i ty a n d l i g h t n i n g , p r o ­
p o s e d t h e p r i n c i p l e s o f t h e l i g h t n i n g r o d , a n d e v o l v e d t h e s ing le - f lu id t h e o r y o f e lectr ic i ty . 
H e c o n c l u d e d that t h e p e c u l i a r p r o p e r t y o f c h a r g e d b o d i e s to at tract a n d r e p e l o n e a n o t h e r w a s 
t h e transfer o f e lectr ic fluid, t h u s p r o v i d i n g a c o m p l e t e u n d e r s t a n d i n g o f t h e o p e r a t i o n o f ca ­

pac i tors a n d c h a r g e d b o d i e s . 

Τ I H E R E W A S A S P A N of a c e n t u r y b e t w e e n t h e 
ac t iv i ty of G u e r i c k e a n d B e n j a m i n F r a n k l i n . I n th is 
t i m e severa l m a j o r c o n t r i b u t i o n s t o t h e e v e r - g r o w i n g 

in te res t in e lec t r ic i ty w e r e m a d e , in p a r t i c u l a r t h e i n d e ­
p e n d e n t i n v e n t i o n of t h e L e y d e n j a r , o r first c a p a c i t o r , b y 
Ε . G . v o n Kle i s t of P o m e r a n i a a n d P e t r u s v a n M u s s c h e n -
b roek of L e y d e n . Before F r a n k l i n , m a t e r i a l s used in e lec­
t r ica l e x p e r i m e n t s w e r e s e p a r a t e d i n t o " e l e c t r i c s " a n d " n o n -
e lec t r i cs . " T h e fo rmer w e r e those bod ies t h a t c o u l d b e 
c h a r g e d b y fr ict ion w h i l e h e l d in t h e h a n d s of t h e e x p e r i ­
m e n t e r , wh i l e " n o n e l e c t r i c s " i n c l u d e d those t h a t c o u l d n o t 
b e so c h a r g e d . 

F r a n k l i n ' s in te res t in e lec t r ica l p h e n o m e n a w a s a r o u s e d 
w h e n h e a t t e n d e d a l e c t u r e p r e s e n t e d b y D r . S p e n c e r of 
L o n d o n , in Bos ton s o m e t i m e b e t w e e n 1744 a n d 1746. 
F r a n k l i n w a s t h e n a m a n of 40 , soon to r e t i r e f rom a suc-
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cessful c a r e e r as a p r i n t e r . H e i m m e d i a t e l y p u r c h a s e d al l 
of t h e l e c t u r e r ' s e lec t r ic e q u i p m e n t a n d b e g a n to expe r i ­
m e n t . T h e g e n e r a t o r of F r a n k l i n ' s d a y w a s a glass s p h e r e 
o r c y l i n d e r r o t a t e d b y a c r a n k , a n d a g a i n s t w h i c h a l e a t h e r , 
felt, or c l o t h c u s h i o n , s o m e t i m e s i m p r e g n a t e d w i t h a m e r ­
c u r y a m a l g a m , w o u l d b e pressed . A n e lec t r ic c h a r g e so 
g e n e r a t e d w o u l d b e d r a w n t o a m e t a l b a r o r c h a i n sus­
p e n d e d b y silk s t r a n d s a n d t r ans fe r red t o t h e m e t a l r o d 
p ro j ec t i ng t h r o u g h t h e c o v e r of a L e y d e n j a r . S u c h a c h a r g e 
was used t o d e m o n s t r a t e before Lou i s X I V h o w 180 soldiers 
of his g u a r d o r h o w 700 m o n k s of a c o n v e n t in Pa r i s , j o i n e d 
h a n d in h a n d , w o u l d j u m p s i m u l t a n e o u s l y w h e n a j a r ' s 
c h a r g e w a s t r a n s m i t t e d t h r o u g h t h e m . F r o m his expe r i ­
m e n t s F r a n k l i n c o n c l u d e d t h a t t h e p e c u l i a r p r o p e r t y of 
c h a r g e d bod ies t o a t t r a c t a n d r e p e l o n e a n o t h e r w a s n o t a 
man i f e s t a t i on of t w o dif ferent k i n d s of e lec t r ic i ty as be l ieved 
b y t h e e lec t r i c ians before h i m , b u t t h e t ransfer of e lec t r ic 
fluid f rom o n e b o d y t o a n o t h e r . W i t h th is conc lus ion 
F r a n k l i n p r o v i d e d a c o m p l e t e u n d e r s t a n d i n g of t h e o p e r a ­
t ion of a l l fo rms of c a p a c i t o r s a n d c h a r g e d bod ies . H e 
a n a l y z e d t h e c h a r g e i n a L e y d e n j a r a n d f o u n d t h a t i t 
a l w a y s w a s c h a r g e d pos i t ive o n o n e me ta l l i c c o a t a n d n e g a ­
t ive o n t h e o t h e r ( t h e v e r y t e r m s " p o s i t i v e , " " n e g a t i v e , " 
" p l u s , " a n d " m i n u s " w e r e h i s p e r m a n e n t c o n t r i b u t i o n s t o 
o u r e lec t r ica l v o c a b u l a r y ) a n d e x p l a i n e d t h e p r inc ip le s of 
e lec t ros ta t i c i n d u c t i o n . H e c l a i m e d t h a t a l t h o u g h oppos i t e 
in s ign, t h e c h a r g e s w e r e of e q u a l m a g n i t u d e a n d p r o c e e d e d 
to d e m o n s t r a t e th is b y s u s p e n d i n g a p i t h ba l l e q u i d i s t a n t 
b e t w e e n t w o wi res c o n n e c t e d , o n e e a c h , t o t h e t w o surfaces 
of a L e y d e n j a r . T h e ba l l osc i l la ted f rom w i r e t o w i r e u n t i l 
t h e c h a r g e s h a d e q u a l i z e d a n d t h e p i t h b a l l h u n g l i m p b e ­
t w e e n t h e m . H e dev ised t h e " F r a n k l i n P a n e " w h i c h c o n ­
sisted s i m p l y of a t h i n shee t of glass o n e i t h e r s ide of w h i c h 
w e r e fixed t h i n m e t a l shee ts ( a p a r a l l e l p l a t e c a p a c i t o r ) , a n d 
s h o w e d t h a t i t w a s t h e glass t h a t h e l d t h e c h a r g e . H e a l so 
d i scovered t h a t c h a r g e s r e s ide o n t h e ou t s i de of a c h a r g e d 
ho l low c o n d u c t o r , t h a t w h e n o n e b o d y c o n t a i n s m o r e t h a n 
its n o r m a l q u a n t i t y of t h e e lec t r ic fluid, a w i r e c o n n e c t i n g 
it t o a n e u t r a l o r n e g a t i v e l y c h a r g e d b o d y p e r m i t s t h e c h a r g e 
to b e c o m e u n i f o r m l y d i s t r i b u t e d b e t w e e n t h e m . If n o t 
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c o n n e c t e d , b u t p l a c e d sufficientiy close t o g e t h e r , t h e 
c h a r g e passes b e t w e e n s u c h bod ie s in t h e fo rm of a spa rk . 

T o P e t e r CoUinson of t h e R o y a l Soc ie ty h e c o m m u n i c a t e d 
his obse rva t ions a n d theor ies a b o u t l i gh tn ing , w h i c h w e r e 
bas ical ly t h a t e lec t r ic c h a r g e s w e r e ra i sed f rom t h e sea a n d 
from t h e l a n d b y e v a p o r a t i o n . 
T h e s e g a t h e r e d i n c l o u d s of 
differing c h a r g e s w h i c h , as 
t h e y a p p r o a c h e d o n e a n o t h e r , 
d i s cha rged w i t h a d i sp lay 
of t h u n d e r a n d l i g h t n i n g . 
The re fo re , c o n t e n d e d F r a n k ­
lin, t h e ac t ion of a n e lec t r ic 
m a c h i n e a n d l i g h t n i n g w e r e 
s imilar . H e e n u m e r a t e d t h e 
s imilar i t ies t h u s : (1) t h e r e ­
su l t ing l igh t a n d s o u n d a r e 
s imilar , a n d b o t h p h e n o m e n a 
a r e p rac t i ca l ly i n s t a n t a n e o u s ; 

(2) t h e spa rk , l ike l i gh tn ing , 
is a b l e t o set bod ies on f i re ; 
(3) b o t h c a n kill l ive c r e a t u r e s 
( F r a n k l i n ki l led a h e n b y t h e 
d i s c h a r g e of severa l L e y d e n 
j a r s ) ; (4) b o t h d o m e c h a n i ­
ca l d a m a g e a n d h a v e a smel l 
l ike b u r n t s u l p h u r ( this led 
t o t h e d i scovery of o z o n e ) ; 
(5) l i g h t n i n g a n d e lec t r ic i ty 
follow t h e s a m e c o n d u c t o r s 
a n d b o t h pass m o s t r e a d i l y t o s h a r p p o i n t s ; (6) b o t h a r e 
a b l e t o des t roy m a g n e t i s m , o r even to reverse t h e p o l a r i t y 
of a m a g n e t ; (7) b o t h a r e a b l e t o m e l t me t a l s . 

F ina l ly , as a resu l t of b o t h t heo re t i c a l ana lys is a n d o b ­
serva t ions of e x p e r i m e n t s , F r a n k l i n c o n c l u d e d t h a t a s h a r p 
p o i n t e d object , especia l ly if g r o u n d e d , w a s m o r e p r o n e to 
d r a w off a n e lect r ic c h a r g e t h a n w a s a du l l , r o u n d e d o n e . 
C o u p l i n g this conc lus ion w i t h his u n d e r s t a n d i n g of t h e 
n a t u r e of l i gh tn ing . F r a n k l i n conce ived t h e n o t i o n of d r a w ­
ing off a l i g h t n i n g c h a r g e b y m e a n s of a ta l l r o d , t h e t o p of 
w h i c h t e r m i n a t e d in a p o i n t a n d t h e b o t t o m set in t h e 
g r o u n d . T h i s b e c a m e t h e l i g h t n i n g r o d w h i c h served n o t 
on ly as a g r e a t benefac t ion in e l i m i n a t i n g t h e h a z a r d of 
des t ruc t ive l i g h t n i n g s t rokes , b u t it also h e l p e d p o p u l a r i z e 
F r a n k l i n ' s n a m e on b o t h sides of t h e A t l a n t i c . T h e K i n g of 
F r a n c e sen t a specia l l e t t e r to t h e R o y a l Soc ie ty c o m p l i ­
m e n t i n g M r . F r a n k l i n on his v a l u a b l e c o n t r i b u t i o n . 

T o conf i rm t h e e lec t r ica l n a t u r e of l i g h t n i n g e x p e r i ­
m e n t a l l y . F r a n k l i n m a d e his f a m o u s k i t e e x p e r i m e n t in 
J u n e 1752. T h i s h e desc r ibed in a l e t t e r to CoUinson d a t e d 
O c t o b e r 1, 1752. A k i te of c e d a r r ibs w a s c o v e r e d w i t h a 
t h i n silk h a n d k e r c h i e f t o w h i c h a s h a r p p o i n t e d w i r e w a s 
a d d e d a t t h e t o p a n d t h e u s u a l ta i l a t its b o t t o m . F r a n k l i n 
t h e n a d d e d a silk r i b b o n to t h e b o t t o m of t h e t w i n e a n d a t 
this j u n c t u r e fas tened a key . I n flying t h e k i t e in a s t o r m , 
t h e e x p e r i m e n t e r s tood in t h e she l t e r of a d o o r so as n o t t o 
w e t t h e silk r i b b o n . H e n o t e d t h a t w h e n t h e t h u n d e r ­
c louds cross over t h e k i te " t h e p o i n t e d w i r e will d r a w t h e 
electr ic fire f rom t h e m , a n d t h e k i te , w i t h all t h e t w i n e , wil l 
b e electrified a n d t h e loose filaments of t h e t w i n e will s t a n d 

Franklin and Electricity 

1752 

o u t e v e r y w a y a n d b e a t t r a c t e d b y t h e a p p r o a c h i n g finger." 
H e n o t e d : " A t th is k e y t h e p h i a l [ L e y d e n j a r ] m a y b e 
c h a r g e d , a n d f rom e lec t r ic fire t h u s o b t a i n e d , spir i ts m a y b e 
k i n d l e d , a n d al l t h e o t h e r e lec t r i ca l e x p e r i m e n t s b e p e r ­
f o r m e d . " H e l a t e r d i s cove red t h a t t h u n d e r c l o u d s m a y b e 

c h a r g e d e i t he r posi t ively 
o r nega t ive ly . D e R o m a s , 
a F r e n c h e x p e r i m e n t e r , 
r e p e a t e d F r a n k l i n ' s expe r i ­
m e n t s a n d succeeded in d r a w ­
i n g a s p a r k 8 inches l o n g from 
t h e c louds . D a l i b a r d ( w h o 
t r a n s l a t e d F r a n k l i n ' s b o o k 
i n t o F r e n c h ) set u p a p o i n t e d 
r o d a t M a r l y , n e a r Pa r i s , 
fo l lowing F r a n k l i n ' s ins t ruc ­
t ions . H e r e h is d e p u t y d r e w 
spa rks d u r i n g a t h u n d e r ­
s t o r m in M a y 1752. T h e i d e a 
s p r e a d to E n g l a n d a n d o t h e r 
n a t i o n s o n t h e C o n t i n e n t . I n 
1753 , a Professor R i c h m a n n 
of S t . P e t e r s b u r g w a s ki l led 
b y a c h a r g e t h a t w a s b r o u g h t 
d o w n a n i m p r o p e r l y t e r m i ­
n a t e d r o d ; this u n f o r t u n a t e 
resu l t t h u s m a d e h i m t h e first 
m a r t y r t o t h e n e w electr ical 
sc ience. T h e l i g h t n i n g rod 
i d e a e x p a n d e d in F r a n k l i n ' s 

m i n d so t h a t h e a sked " M a y n o t t h e k n o w l e d g e of this 
p o w e r of po in t s b e of use t o m a n k i n d , in p r e se rv ing houses , 
c h u r c h e s , ships , e t c . , f rom t h e s t roke of l i g h t n i n g , b y d i rec t ­
i n g us to fix o n t h e h ighes t p a r t of these edifices, u p r i g h t 
r o d s of i r o n m a d e s h a r p as a n e e d l e , a n d gilt t o p r e v e n t 
ru s t i ng , a n d f rom t h e foot of these r o d s a w i r e d o w n t h e ou t ­
s ide of t h e b u i l d i n g i n t o t h e g r o u n d , o r d o w n r o u n d o n e of t h e 
s h r o u d s of a sh ip , a n d d o w n h e r s ide till i t r e a c h e s t h e w a t e r ? " 

W i t h t h e p u b l i c a t i o n of h is b o o k " E x p e r i m e n t a n d 
O b s e r v a t i o n s o n E lec t r i c i ty , m a d e a t P h i l a d e l p h i a in 
A m e r i c a " in L o n d o n , 1 7 5 1 , h is r e p u t a t i o n g r e w r a p i d l y in 
E u r o p e . T h i s b o o k w a s r e p r i n t e d five t u n e s in Eng l i sh in 
his l i fe t ime a n d in severa l ed i t i ons in F r e n c h , I t a l i a n , a n d 
G e r m a n . O n his visits t o E n g l a n d a n d F r a n c e h e b e c a m e 
o n e of t h e m o s t p o p u l a r m e n of his t u n e . H e rece ived a 
d o c t o r a t e f rom O x f o r d , w a s e lec ted Fe l low a n d M a n a g e r 
of t h e R o y a l Soc ie ty of L o n d o n , a n d w a s c h o s e n o n e of t h e 
e igh t foreign m e m b e r s of t h e R o y a l A c a d e m y of Sciences of 
F r a n c e , t h e on ly A m e r i c a n t o b e so e lec ted for t h e n e x t 
h u n d r e d years . 

T h e e n t h u s i a s m w h i c h F r a n k l i n d i s p l a y e d in his e lec t r ica l 
r e s e a r c h is wel l d e m o n s t r a t e d in his t h i r d l e t t e r t o CoUinson. 
I n it F r a n k l i n s u m s u p b y d e s c r i b i n g a n e v e n t t o c e l e b r a t e 
t h a t fruitful yea r , 1747 , " i n a p a r t y of p l e a s u r e o n t h e b a n k s 
of t h e Skuylk i l a t u r k e y is t o b e k i l l e d . . . for d i n n e r b y t h e 
e lec t r ica l shock , a n d r o a s t e d b y t h e e lec t r ica l j a c k before a 
fire k i n d l e d b y t h e electr i f ied b o t t l e : w h e n t h e h e a l t h s of 
all t h e f a m o u s e lec t r i c i ans in E n g l a n d , H o l l a n d , F r a n c e a n d 
G e r m a n y a r e t o b e d r a n k in electr if ied b u m p e r s , u n d e r t h e 
d i s c h a r g e of g u n s f rom t h e e lec t r ica l b a t t e r y . " 
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TEN FOUNDING FATHERS OF THE ELECTRICAL SCIENCE 

IV. ALESSANDRO VOLTA 
and the electric generating cell 

B E R N D I B N E R 
F E L L O W A I E E 

A l e s s a n d r o Vol ta , a phys ic i s t w h o s e e x p e r i m e n t s i n contact -e lec tr ic i ty l e d to t h e d i s c o v e r y of 
t h e voltaic cel l a n d p r o v i d e d a pract ica l source o f c o n t i n u o u s e lectr ic c u r r e n t , w a s r e s p o n s i b l e 
for t h e f o r w a r d m o v e that b r o u g h t e lectr ic i ty f rom a p l a y t h i n g o f t h e c u r i o u s to a m o s t i m p o r t a n t 

tool i n t h e h a n d s of m a n k i n d . 

Τ - I H E S C I E N T I F I C A L L Y F R U I T F U L 1700's e n d e d 
w i t h e lect r ic i ty still in t h e form of e lec t ros ta t ic dis­
cha rges , smal l ones in the l a b o r a t o r y , s h a t t e r i n g ones 

in t h e form of l i gh tn ing . A t t he ve ry e n d of t h e c e n t u r y 
t he r e was i n t r o d u c e d ene rgy in a n e w form, e lec t r ic i ty f rom 
a c h e m i c a l source^—^the elec­
tr ic " p i l e " or b a t t e r y con­
ce ived b y Alessandro Vo l t a . 

Beg inn ing his e lect r ical in­
vest igat ions in 1762, V o l t a im­
p r o v e d the electr ic e q u i p m e n t 
of his d a y b y i n t r o d u c i n g the 
e l ec t rophorus , a k ind of reser­
voir of electr ici ty. I t was one 
of t h e first e lectr ic m a c h i n e s 
t h a t o p e r a t e d b y e lec t ros ta t ic 
i nduc t i on or " i n f l u e n c e " 
r a t h e r t h a n by d i r ec t e lec t ro­
stat ic gene ra t ion . T h e d e ­
vice consisted of a p l a t e of 
resin p laced b e t w e e n a n u p ­
pe r a n d lower p l a t e of m e t a l . 
T h e u p p e r p la t e was lifted b y 
a n insu la ted h a n d l e a n d t h e 
resin was c h a r g e d b y be ing 
s t ruck b y a silken scarf. 
W h e n the u p p e r p la t e was 
laid on t h e resin, g r o u n d e d 
b y b e i n g t o u c h e d b y the ex­
p e r i m e n t e r ' s finger a n d t h e n 
r e m o v e d , it b e c a m e c h a r g e d 
b y i nduc t i on . T h i s dev ice 
b r o u g h t Vo l t a ' s n a m e before 
t he a t t e n t i o n of e lec t r ica l ex­
p e r i m e n t e r s e v e r y w h e r e . H e 

i nven t ed t h e c o n d e n s i n g e l ec t roscope ; w i t h it m i n u t e 
quant i t i es of e lec t r ic i ty cou ld be d e t e c t e d a n d it was t h e r e ­
fore very useful in t h e inves t iga t ions t h a t led to t he i n v e n t i o n 
of the pi le . I t w a s t h e p u b l i c a t i o n of t he o p e r a t i o n of this 
condense r in t h e t r ansac t ions of t h e R o y a l Soc ie ty in 1782 
t h a t w o n h i m t h e society 's C o p l e y M e d a l in 1794. 

Λ L Κ 8 S Λ I ) Η Ο V O X . Τ A 

Drawn by R. Focasi, engraving by Luigi Rados, Milano, 1828, inscrip­
tion condensed 

V o l t a w a s inves t iga t ing t h e r ecen t l y a n n o u n c e d p h e n o m ­
e n o n o f ' ' a n i m a l e l ec t r i c i t y " d i scovered b y L u i g i G a l v a n i , 
professor of a n a t o m y a t t h e U n i v e r s i t y of Bo logna . G a l v a n i , 
a shy a n d r e t i r i ng scho la r , h a d no t i ced , w h i l e d issec t ing a 
frog, t h a t a d i s c h a r g e f rom a n e i g h b o r i n g e lec t ros ta t ic 

g e n e r a t o r h a d c a u s e d t h e legs 
of t h e d issected frog t o j e r k . 
H e t h e r e u p o n t r ied to t r a c e 
t h e r e l a t i o n s h i p of t h e c h a r g e 
a n d t h e m u s c u l a r ac t ion . 
' ' W h i l e o n e of those w h o w e r e 
assisting m e t o u c h e d l ight ly 
a n d b y c h a n c e t h e p o i n t of h is 
sca lpel to t h e i n t e r n a l c r u r a l 
ne rves of t h e frog, s u d d e n l y all 
t h e musc les of its l imbs w e r e 
seen to be so c o n t r a c t e d t h a t 
t h e y s e e m e d to h a v e fallen in­
to ton ic c o n v u l s i o n s . " I n 
1791 h e p u b l i s h e d his obser­
va t i ons a n d t heo ry , one of 
sc ience ' s key discoveries , in 
t h e Transactions of t h e Bo logna 
A c a d e m y of Sc iences . 

G a l v a n i sen t a r e p r i n t of his 
p a p e r to a few of his scien­
tific co l leagues , i n c l u d i n g t h e 
professor of physics a t Pav ia , 
V o l t a . I n a r e v o l u t i o n a r y 
p e r i o d of t h e w o r l d ' s h i s tory , 
this p a p e r w i t h its s t a r t l ing 
s ignif icance, a r o u s e d t h e in ­
terest of scientists e v e r y w h e r e . 
V o l t a c o n c u r r e d in t h e gen ­
e ra l t h e o r y p r o p o s e d b y G a l ­

v a n i a n d p r o c e e d e d to r e p e a t t h e e x p e r i m e n t s . As these 
e x p e r i m e n t s p rogressed , V o l t a b e c a m e c o n v i n c e d t h a t t h e 
t r u e e lec t r ic source l ay n o t in t h e tissues of t h e a n i m a l s in­
ves t iga ted b u t c a m e f rom a n o u t e r source , t h e c o n t a c t of 
d i ss imi la r m e t a l s . T h e c o n t r o v e r s y b e t w e e n t h e t w o schools 
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of t h o u g h t was resolved w h e n V o l t a disclosed t h e n a t u r e of 
the electr ic cell in a le t te r w r i t t e n f rom C o m o on M a r c h 
20, 1800, to Sir Jo seph Banks , p res iden t of t he R o y a l So­
ciety of L o n d o n . I n this le t te r V o l t a desc r ibed his n e w 
a p p a r a t u s w h i c h h e c o m p a r e d in ac t ion t o t h e L e y d e n j a r . 

V o l t a observed t h a t t h e resul ts p r o d u c e d d e p e n d e d on t h e 
k ind of m e t a l s used in c o m b i n a t i o n . H e therefore a r r a n g e d 
the c o m m o n m e t a l s i n to a series a n d us ing r u b b e d rods of 
glass a n d of resin in o r d e r to o b t a i n posi t ive or nega t i ve 
electr ici ty as a reference, V o l t a c o m b i n e d these m e t a l s a n d 
es tabl ished w h i c h c o m b i n a t i o n p r o d u c e d the s t ronges t 
posit ive or nega t ive cha rges . S o m e c o m b i n a t i o n s p r o d u c e d 
nega t ive , some posi t ive cha rges . H e therefore b e c a m e c o n ­
vinced t h a t in k ind a n d d e g r e e t h e resul t d e p e n d e d on t h e 
relative a r r a n g e m e n t of t he m a t i n g m e t a l s in a series in 
w h i c h z inc p r o v e d m o s t posi t ive a n d g r a p h i t e m o s t n e g a ­
tive, w i t h lead , t in , i ron , c o p p e r , silver, a n d gold , b e t w e e n 
those two . V o l t a t h e r e b y cou ld a n t i c i p a t e t h e s t r e n g t h of 
a c h a r g e in t h e re la t ive pos i t ion of t he m e t a l s in this (elec­
t rochemica l ) ser ies; f rom this h e d e r i v e d his " l a w of suc­
cessive c o n t a c t s . " I n its final form, V o l t a p r o p o s e d a s tack 
of e l ements consis t ing of disks of silver a n d z inc s e p a r a t e d 
b y b r ine - soaked c lo th or p a p e r . T h i r t y such e l e m e n t s 
formed this pi le a n d c a u s e d a flow of sufliicient c o n t i n u o u s 
c u r r e n t to b e p e r c e p t i b l e t o a pe r son t o u c h i n g t h e o u t e r 
e lements of t he pi le . A modi f i ca t ion of t h e dev ice w a s to 
a r r a n g e a r o w of c u p s c o n t a i n i n g w e a k ac id o r b r i n e ; i n t o 
each c u p a z inc a n d silver p l a t e was p l a c e d ; a l t e r n a t e e le­
m e n t s w e r e c o n n e c t e d b y me ta l l i c s t r ip s ; this V o l t a t e r m e d 
his " c r o w n of c u p s . " T h i s a r r a n g e m e n t a v o i d e d t h e 
w e a k e n i n g of t h e flow of c u r r e n t t h a t followed w h e n t h e 
moi s tu re (e lectrolyte) d r i e d f rom t h e p a p e r or c lo th sepa­
ra to rs in t he pi le a r r a n g e m e n t . H e also found c o p p e r a n 
i m p r o v e m e n t over silver in t h e set. 

I n his le t te r to Banks , V o l t a said t h a t a l t h o u g h t h e n e w 
source of e lec t r ic i ty was w e a k e r in c h a r a c t e r t h a n t h e d is ­
c h a r g e from the L e y d e n j a r , it d id possess t h e g r e a t a d v a n ­
tage of off'ering a continuous source of e lec t r ic i ty . I n fact, felt 
Vo l t a , his pi le of c o p p e r a n d z inc disks cou ld supp ly a n in­
exhaus t ib le a n d c o n s t a n t e lec t r ic flow. H i s l e t t e r s ta tes 
" t h i s endless c i r cu la t ion or p e r p e t u a l m o t i o n of t h e elast ic 
fluid m a y seem p a r a d o x i c a l , a n d m a y p r o v e i n e x p l i c a b l e ; 
b u t it is n o n e t h e less rea l a n d w e c a n , so to speak , t o u c h 
a n d h a n d l e i t " a n d " I found myself ob l iged to c o m b a t t h e 

Volta's bi -metal l ic 
p i le 

Courtesy Transactions, Royal Society, 1800 

Paste l d r a w i n g of A le s sandro Volta m a d e from life about 1815 
a t tr ibuted to Francesco H a y e z 

a l leged a n i m a l e lec t r ic i ty of G a l v a n i , a n d to d e c l a r e it a n 
e x t e r n a l e lec t r ic i ty m o v e d b y t h e m u t u a l c o n t a c t of meta l s 
of diff'erent k i n d s . " S ince V o l t a was a physicis t r a t h e r t h a n 
a n a n a t o m i s t , t h e e m p h a s i s of his t h i n k i n g h a d shifted from 
t h e physiologic e l e m e n t s to t h a t of t h e me ta l s . 

T h i s r e v o l u t i o n a r y c o n t r i b u t i o n , o n e of t h e mos t b r i l l i an t 
gifts of t h e h u m a n m i n d , w a s r ecogn ized i m m e d i a t e l y for its 
t r u e i m p o r t a n c e . V o l t a w a s inv i t ed to Pa r i s to d e m o n s t r a t e 
his d i scovery before N a p o l e o n . E x p e r i m e n t e r s eve rywhe re 
n o w w e r e aflforded a source of cons tan t - f low electr ic i ty . 
T h e y found in these n e w devices a m e a n s of d r a w i n g elec­
tr ic c u r r e n t for h o u r s ins tead of t h e e r r a t i c spa rk t h a t c a m e 
f rom t h e e lec t ros ta t ic g e n e r a t o r s or L e y d e n j a r s . 

W i t h this n e w i n s t r u m e n t N icho l son a n d Carl is le in 
E n g l a n d d e c o m p o s e d w a t e r i n t o its e l emen t s a n d de te r ­
m i n e d t h e t r u e v o l u m e t r i c r a t i o of oxygen a n d h y d r o g e n . 
Sir H u m p h r e y D a v y , u s ing a l a rge vol ta ic pi le , d iscovered 
po t a s s ium a n d s o d i u m . H e also d r e w a n electr ic c u r r e n t 
f rom a 500-p la te vo l ta ic b a t t e r y a n d c a u s e d t w o c h a r c o a l 
e lec t rodes to b u r n w i t h sun l ike b r i l l i a n c e ; in this w a y b e ­
g a n electr ic i l l u m i n a t i o n . W j t h cons tan t - f low electr ic i ty 
t h e e l e c t r o m a g n e t w a s fo rmed b y A r a g o a n d b y D a v y . 

S u c c e e d i n g g e n e r a t i o n s of e lec t r ic ians , w h o best u n d e r ­
s tood t h e m a g n i t u d e of V o l t a ' s c o n t r i b u t i o n , saw fit to 
m e a s u r e e l e c t r o m o t i v e force b y t h e t e r m " v o l t " as p roposed 
b y t h e I n t e r n a t i o n a l E lec t r i ca l Congress m e e t i n g in Par i s 
in 1 8 8 1 . I n his e u l o g y of his co l l e ague Vo l t a , A r a g o w r o t e 
of t h e e lect r ic b a t t e r y as " t h e m o s t m a r v e l l o u s i n s t r u m e n t 
c r e a t e d b y t h e m i n d of m a n , n o t e x c l u d i n g even t h e tele­
scope or t h e s t e a m e n g i n e . " 
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TEN FOUNDING FATHERS OF THE ELECTRICAL SCIENCE 

V. ANDRE MARIE AMPERE 
and the beginning of electrodynamics 

B E R N D I B N E R 
F E L L O W A I E E 

A m p e r e e s tab l i shed t h e m a t h e m a t i c a l t h e o r y of e lectr ic i ty a n d b y a ser ie s o f e x p e r i m e n t s d e m o n ­
s trated t h e pr inc ip l e s of e l e c t r o d y n a m i c s i n a d j a c e n t c u r r e n t - c a r r y i n g c o n d u c t o r s . H i s e lectr ical 
inves t iga t ions w e r e d e v e l o p e d i n t o a n h y p o t h e s i s that m a g n e t i s m w a s essent ia l ly a p h e n o m e n o n 

of e lectr i f ied part ic les of mat t er . 

Γ Τ Π Η Ε I N V E N T I O N of the v o k a i c cell in 1800 g a v e 
\ e lec t r ica l e x p e r i m e n t e r s a source of a c o n s t a n t flow of 

c u r r e n t . Seven years l a t e r t h e D a n i s h e x p e r i m e n t e r , 
H. C. O e r s t e d , a n n o u n c e d t h a t h e w o u l d a t t e m p t to e s t ab ­
lish a r e l a t ionsh ip b e t w e e n a n e lect r ic flow of c u r r e n t a n d 
a m a g n e t i c need le . Ye t it r e q u i r e d 13 years m o r e for this 
b r i l l i an t d iscovery to b e m a d e a n d a n n o u n c e d b y h i m in 
1820. 

T h e news of O e r s t e d ' s e x p e r i m e n t r e a c h e d Par i s t h r o u g h 
A r a g o w h o r e p e a t e d the e x p e r i m e n t a t a m e e t i n g in Pa r i s 
o n S e p t e m b e r 11 , 1820. I n t he a u d i e n c e was A m p e r e , t h e n 
professor of m a t h e m a t i c s of the Eco le Poly t e c h n i q u e . So 
d e e p l y was A m p e r e impressed by the O e r s t e d e x p e r i m e n t 
t h a t w i th in a week h e himself h a d r e p e a t e d the e x p e r i m e n t 
a n d e l a b o r a t e d it i n to a n u m b e r of o t h e r basic re la t ionsh ips 
d e m o n s t r a t i n g t h e b e h a v i o r of e lec t r ic c u r r e n t flowing in 
s t r a igh t a n d in formed c o n d u c t o r s . O n S e p t e m b e r 18, 

From Artifere, "Exfose des Nouvelles Decouvertes sur 
L'Electricite" y 1 8 2 2 . 

A m p e r e p r e s e n t e d before t h e A c a d e m y his obse rva t ions 
e s t ab l i sh ing t h e science h e d e s i g n a t e d as " e l e c t r o d y n a m i c s . " 
I n a p a p e r en t i t l ed " E x p e r i m e n t s on t h e N e w E l e c t r o -
d y n a m i c a l P h e n o m e n a , " p u b l i s h e d in 1822, A m p e r e s t a t ed , 
" I h a v e d e t e r m i n e d to use t h e w o r d electrodynamic in o r d e r 
to u n i t e u n d e r a c o m m o n n a m e all these p h e n o m e n a , a n d 
p a r t i c u l a r l y to d e s i g n a t e those w h i c h I h a v e obse rved be ­
t w e e n t w o vol ta ic c o n d u c t o r s . " H e t h e n d i s t ingu i shed 
e l ec t romot ive ac t ion as b e i n g of t w o k inds , w h i c h h e desig­
n a t e d as those of electric tension a n d those of electric current. 
T h e fo rmer exists, h e said, w h e n t w o bodies a r e s e p a r a t e d 
from e a c h o t h e r b y a n o n c o n d u c t o r , such as t h e tens ion be ­
tween t h e poles of a vo l ta ic cell before t h e y a r e c o n n e c t e d 
b y a c o n d u c t o r . I n t h e case of flowing c u r r e n t t h e second 
exists w h e r e e l emen t s fo rm p a r t of a c i r cu i t of conducting^ 
bodies . T h u s , p o i n t e d o u t A m p e r e , t w o bodies s imi la r ly 
c h a r g e d e lec t ros ta t ica l ly r epe l e a c h o the r , w h e r e a s t w o c o n ­
d u c t o r s c a r r y i n g c u r r e n t s in t h e s a m e d i r ec t i on a t t r a c t o n e 
a n o t h e r . A m p e r e was c o n v i n c e d t h a t m a g n e t i s m w a s a n 
e lec t r ica l p h e n o m e n o n a n d t h a t t h e d i r e c t i o n of m o t i o n of 
a m a g n e t i c po le , w h e n ad j acen t to a c u r r e n t - c a r r y i n g wi re , 
was n e i t h e r t o w a r d s n o r a w a y from t h e w i r e " b u t in a l ine 
a t r i gh t ang les to a p l a n e pass ing t h r o u g h t h e po le a n d t h e 
c o n d u c t o r . " T h e force of this a t t r a c t i o n or r epu l s ion , h e 
p r o v e d , was d i r ec t ly p r o p o r t i o n a l to t he s t r eng th of t h e 
c u r r e n t s , a n d inversely p r o p o r t i o n a l to t he s q u a r e of t he 
d i s t ance b e t w e e n t h e m , a r e l a t i onsh ip w h i c h p r o m p t e d 
Cle rk M a x w e l l to wr i t e t h a t these a c h i e v e m e n t s h a d 
" l e a p e d full g r o w n a n d fully a r m e d from t h e b r a i n of t h e 
N e w t o n of E lec t r i c i ty . " 

T h e re la t ionsh ips b e t w e e n pa ra l l e l wires t h e n w e r e ex­
p a n d e d to i nc lude c o n d u c t o r s b e n t i n to t h e forms of coils 
a n d hel ixes , some fixed a n d some free to m o v e on pivots , 
a n d to s h o w t h a t such a sp i ra l coil (solenoid) w h e n c a r r y i n g 
a c u r r e n t b e h a v e d exac t ly like a m a g n e t . S u c h a coil , if 
de l i ca te ly b a l a n c e d a n d free to swing , shou ld s w i n g a n d 
adjus t itself to t he e a r t h ' s m a g n e t i c field; this h e a r r a n g e d 
a n d d e m o n s t r a t e d , t h e r e b y c a u s i n g a c u r r e n t - c a r r y i n g wi re 
to b e h a v e like a m a g n e t i c c o m p a s s need l e . H e t h e n cou ld 
exp la in t he e a r t h ' s m a g n e t i s m b y te r res t r ia l e lec t r ic c u r -
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rents t h a t c i r cu la t ed in the e a r t h from east to west . Such 
cu r ren t s , h e specu la t ed , m i g h t b e c a u s e d b y c h e m i c a l 
ac t ion b e t w e e n t h e h e t e r o g e n e o u s m a t e r i a l s in c o n t a c t 
wi th in t h e g lobe , as V o l t a h a d d e m o n s t r a t e d w i t h different 
meta l s in con tac t . 

A m p e r e f o r m u l a t e d these obse rva t ions i n t o s o m e genera l 
ru les : (1) T w o electr ic c u r r e n t s a t t r a c t w h e n t h e y flow 
paral le l to one a n o t h e r in the s a m e d i r ec t i on a n d repel 
w h e n they flow para l l e l to one a n o t h e r in the oppos i te 
d i rec t ion . (2) I t follows t h a t w h e n me ta l l i c c o n d u c t o r s 
a long w h i c h c u r r e n t s flow c a n n o t t u r n i n t o t he para l le l 
p l ane , each c o n d u c t o r t ends 
to m o v e the o t h e r c o n d u c t o r 
in to a posi t ion pa ra l l e l to it 
a n d in the s a m e d i r ec t i on . (3) 
T h e a t t r ac t ions a n d repuls ions 
a r e abso lu te ly diflferent from 
o r d i n a r y (electrostat ic) e lec­
tricity. (4) All t h e p h e n o m e n a 
disclosed b y O e r s t e d r e g a r d i n g 
the r e l a t ionsh ip of t he flow 
of a n electr ic c u r r e n t a n d a 
m a g n e t a r e cove red b y t h e 
law of a t t r a c t i o n for t w o elec­
tric cu r r en t s . T h i s l aw follow s 
from t h e d e d u c t i o n t h a t a 
m a g n e t is a p r o d u c t of e lec­
tric c u r r e n t s p r o d u c e d b y the 
ac t ion of t he par t ic les of i ron 
on one a n o t h e r . 

A m p e r e r e c o m m e n d e d tw ο 
e x p e r i m e n t a l a p p r o a c h e s to 
d e t e r m i n i n g the m u t u a l ac t ion 
of cu r r en t s . T h e first c o n ­
sisted in ac tua l l y m e a s u r i n g 
the forces a t v a r y i n g d i s t ances ; 
the second consisted in b a l a n ­
c ing t h e effects p r o d u c e d b y Andre Ma 
the two c u r r e n t s ac t i ng on a 
th i rd b o d y in k e e p i n g it in 
equ i l i b r ium. T h i s second m e t h o d (cal led t h e nu l l m e t h o d ) 
is expe r imen ta l l y t h e m o r e a c c u r a t e . T o a p p l y t he second 
m e t h o d a n d d e t e r m i n e if t he forces w e r e in t r u e b a l a n c e , 
A m p e r e a r r a n g e d t w o coils on his a p p a r a t u s a n d m o u n t e d 
t h e m so t h a t t h e y w e r e equa l l y a n d oppos i te ly aff^ected b y 
the ea r t h ' s m a g n e t i s m , fo rming , t h e r e b y a n astatic p a i r of 
coils. W i t h this a n d s imi lar ly or ig ina l e q u i p m e n t h e a r ­
rived a t t h e fol lowing four obse rva t i ons : 

(1) T h e effect of a c u r r e n t is reversed w h e n the d i r ec t i on 
of the c u r r e n t is reversed . (2) T h e efl'ect of a c u r r e n t flow­
ing in a c i rcu i t twis ted i n t o smal l t u r n s is the s a m e as if the 
c i rcui t w e r e e x p a n d e d . (3) T h e force exe r t ed by a flowing: 
c u r r e n t on a n e l e m e n t of a n o t h e r c i rcu i t is a t r i gh t angles to 
the l ine u n i t i n g t h e m . (4) T h e force b e t w e e n t w o e l emen t s 
of circui ts is unaff 'ected w h e n all l inea r d i m e n s i o n s a r e in­
creased p ropo r t i ona t e ly , the c u r r e n t s t r e n g t h r e m a i n i n g 
una l t e red . 

As one w h o h a d m a s t e r e d the m a t h e m a t i c s of his d a y a t 
age 12, a t 18 h a d r ead the m a i n works of L a g r a n g e , a n d 
later was a t eache r of m a t h e m a t i c s a t Lyons a n d a t Pa r i s , 

A m p e r e h a d a c q u i r e d h a b i t s of c lear , exac t t h o u g h t w h i c h 
resolved ideas i n to q u a n t i t a t i v e e l e m e n t s . H i s e lec t r ica l 
inves t iga t ions there fore w e r e d e v e l o p e d i n t o a n hypo thes i s 
t h a t m a g n e t i s m was essent ia l ly a p h e n o m e n o n of electrified 
par t ic les of m a t t e r . I t m u s t b e b o r n e in m i n d t h a t w h e n 
A m p e r e was f o r m u l a t i n g his theor ies , t h e r e was stiU n o c o n ­
c e p t i o n of t h e i d e a of a diff*erence of po t en t i a l or t ha t of 
e l ec t romot ive force, a n d t h a t O h m ' s g u i d i n g l a w h a d yet to 
b e d e t e r m i n e d , g iven to t h e w o r l d , a n d tes ted . N o r c o u l d 
A m p e r e show t h e di f ference b e t w e e n a n e lec t r ic c u r r e n t 
a n d t h e e l e c t r o m o t i v e force t h a t c a u s e d it to flow. H e d id 

s t a t e t h a t a n e w i n s t r u m e n t 
w a s a v a i l a b l e f o r d e t e c t i n g c u r -
r e n t flow a n d t h a t f rom the 
n a t u r e of t h e n e w c u r r e n t to be 
m e a s u r e d this i n s t r u m e n t 
shou ld be ca l l ed a " g a l v a ­
n o m e t e r . " Jus t as a n e lec­
t r o m e t e r m e a s u r e d " o r d i n a r y " 
e lect r ic i ty , so the n e w ga lva ­
n o m e t e r w o u l d m e a s u r e t he 
flow of e lect r ic i ty . A m p e r e 
i n t e n d e d his i n s t r u m e n t s to 
o p e r a t e a l o n g the l ines of O e r ­
s ted ' s p ivo ted need le bu t , a 
few m o n t h s la ter , J. S. Schwe ig -
ger of H a l l e b r o u g h t ou t the 
first t r u e g a l v a n o m e t e r consist­
ing of a coil of m a n y t u r n s of 
w i r e a n d a m a g n e t h u n g on a 
silk t h r e a d in the c e n t e r of t he 
coil. A m p e r e suggested a 
m e t h o d of s igna l ing a t a dis­
t ance l)y p l ac ing a g a l v a n o m ­
e te r in a c i rcu i t of g rea t l eng th . 

T h e ideas p r o p o u n d e d by 
A m p e r e found slow accep t -

rie Ampere a n c e because his exp l ana t i ons 
of electr ic b e h a v i o r showed the 
forces to ac t at r igh t angles to 

the d i rec t ions of flow of these forces a n d were therefore 
c o u n t e r to N e w t o n ' s ideas of forces a c t i n g in s t ra igh t l ines. 
H o w e v e r , l a t e r A m p e r e ' s e x p l a n a t i o n s w e r e endorsed by 
such au tho r i t i e s as F o u r i e r a n d L a p l a c e . 

T o A m p e r e the wor ld of science owes a d e b t for his pa r t 
in f o r m u l a t i n g t he t h e n l i t t l e -unde r s tood e lect r ica l phe ­
n o m e n a in to a m e a s u r a b l e a n d c o r r o b o r a t i v e b o d y of ex­
p e r i m e n t s a n d theory . H i s pe r sona l life was a d isc ip l ined 
a n d joyless one . H i s fa ther was a v ic t im of the excesses of 
the F r e n c h R e v o l u t i o n , a t r a g e d y t h a t a lmos t des t royed 
A m p e r e . H i s scientific in teres ts w e r e b r o a d , a n d his p u b ­
lished works i n c l u d e d s tudies in m a t h e m a t i c s , physics, 
chemis t ry , psychology, a n d n a t u r a l h i s tory in a d d i t i o n to 
those in e lec t r ic i ty . I n his a d v a n c e d years he d e v e l o p e d a 
n e w classification of all t he sciences a n d , by a process of 
subdivis ion , r e a c h e d a to ta l of 128 sciences a n d subscienccs 
i n c l u d i n g one he ca l led " c y b e r n e t i c s , " a n o t h e r " t e c h n e s -
the t i c s . " H i s w o r k a n d his n a m e h a v e b e c o m e p e r p e t u a t e d 
b y ac t ion of t h e I n t e r n a t i o n a l Gongress of E lec t r ic ians w h o 
des igna t ed the p rac t i ca l u n i t of c u r r e n t as the " a m p e r e . " 
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TEN FOUNDING FATHERS OF ELECTRICAL SCIENCE 

VI. GEORG SIMON OHM 
and the law of electric flow 

B E R N D I B N E R 
F E L L O W A I E E 

Georg Simon Ohm, a mathematician and experimenter whose analysis established the law de­
termining the flow of an electric current in a conductor, clarified the distinction between current 
intensity and quantity and ^'resolved a subject of vast importance, and hitherto involved in the 

greatest uncertainty." 

r-piHE C O N D U C T I O N of an electric charge traveling 
I along a conductor was established by Stephen Gray, 

working in London in 1731. Gray demonstrated that 
by using a pack-thread over 750 feet long, an electric charge 
produced by rubbing a glass tube at one end of this thread 
would cause an ivory ball to be attracted to the thread at 
the other end. A century later, a physicist and mathe­
matician, Ohm, adopted this problem as a major item of 
interest. The discovery by Oersted of the relationship of 
magnetism to electricity had inspired a new group of ex­
perimenters to search further into determining the laws of 
behavior of this new force. Ampere had provided the con­
cept of ' 'potential" electricity between the ends of a wire 
carrying current from the terminals of a voltaic cell. Fur­
ther, the physicist Fourier had established that the flow of 
heat in a metal bar was directly proportional to the diff'er-
ence of temperature between the ends of the bar. O h m 
applied this analogy of flow of heat in a metal bar to the 
flow of an electric current in a conductor, by using Fourier's 
concept of the temperature gradient and also by imagining 
the distribution of current along sections of a homogeneous 
metal ring. He wrote that " the force of the current in a 

Left, electrostatic mach ine a n d L e y d e n jar battery u s e d b y O h m 
in 1830; at r ight , v o n Guericke's generator . At the D e u t s c h e s 

M u s e u m , M u n i c h , G e r m a n y 

galvanic circuit is directly as the sum of all the tensions 
[along the ring] and inversely as the entire reduced length 
of the circuit." The diflference in the values of the force at 
two points of a circuit would provide the required "driving-
power" acting on the current between these two points. 
O h m was relying on an earlier concept of Volta's theory of 
the electrostatic "tension" on an open pile. 

Of humble origin, the son of a locksmith, he had per­
severed in his struggle to obtain an education, which con­
sisted of a course at the "Gymnas ium" at Erlangen and 
three terms at the university. With money saved as a tutor, 
he completed his course and then accepted a teaching post 
at Cologne. It was here that he experimented and com­
pleted his major work in the nature of a galvanic circuit. 
In this study he investigated the nature of unipolar conduc­
tors, the relative conductivity of various metals, and the 
theory of the galvanometer.' Aware of the importance of the 
task of resolving the forces in a galvanic circuit. Ohm, in 
April 1826, got a leave of absence from the university and, 
at his brother's home in Berlin, he applied himself for the 
next year to the problem and the preparation of his book. 

O h m summed up his theory and deductions on the char­
acteristics of a galvanic circuit, concluding: (1) In a closed 
voltaic circuit, the same quantity of electric current passes 
across each section perpendicular to the direction of current 
flow irrespective of the form of the conductor. (2) Changes 
made in any portion of the circuit aflfect its entire action. 
(3) The current flow is in direct ratio to the electromotive 
force and in inverse ratio to the circuit resistance. The re­
sistance of a circuit is the sum of the resistance of the liquid 
conductor and the wire which connects its terminals. If a 
number of voltaic cells is in series in a circuit, the current is 
proportional to their number if the external resistance is 
very large, but is independent of their number if the ex­
ternal resistance is small. 

O h m thus formulated the basic law of electrical science 
known by his name. He considered the term electromotive 
force as the force driving the current through the conductor, 
and thought of the current and resistance much in the same 
sense as today. Ohm's law, once grasped, has become the 
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basis of determination of all electric circuits. His pioneer­
ing mind had to bridge the gap between the behavior of a 
static charge and the steady flow of a voltaic current. He 
had to reconcile the fact that whereas a static charge exists 
only on the surface of a conductor, an electric current in 
flowing through a conductor occupies the surface and also 
the entire cross section of the wire. 

Ohm's attention had been drawn to the work being done 
by Barlow in London and Becquerel in Paris on the con­
ductivity of wires of diflfering lengths and diameters but of 
the same material. O h m had noted a diff'erence in their 
reported results and set out to reconcile these differences 
through experiments of his own. Using a copper-zinc vol­
taic battery, he connected the ends of this battery to two 
mercury cups. Into these cups he placed six wires ranging 
from 4 inches to 23 feet long, one at a time. The shortest 
wire was rather thick but the rest of the wires were uni­
formly 0.03 inch thick. Over each conductor was placed a 
torsion balance, the deflection of which registered on the 
needle and indicated the magnitude of the current. O h m 
used the thick conductor as a standard of reference against 
the deflection for each of the other conductors. Using the 
readings on the balance he arrived at the relationship: 

-m log (-3 
in which ν is the decrease in force, χ the length of the con­
ductor, and a the length of the thick wire (the conductor of 
reference). For the coefliicient m, O h m says, " T h e coeflB-
cient m is a function of the standard force, of the thickness of 
the conductor, of the quantity a, and, as I have reason to 
believe, of the electric tension of the force. I am at the 
moment still engaged in making quite sure, through more 
exact experiments, of the exact nature of this function." 

In a paper appearing in Schweigger's Journal in 1826 he 
summed up the results of his experiments and restated his 
law: "Electrical conductors of the same substance, but dif­
ferent diameter, have the same conductivity values in their 
lengths in proportion to their cross section." 

The title of this paper bore the involved name ' 'Deter­
mination of the Law in Accordance with which Metals 
Conduct Electricity, Together with an Outline of a Theory 
of the Voltaic Apparatus and of Schweigger's Multiplier." 

It is, undoubtedly, the ambiguity of his presentation in 
this paper (expanded in 1827 into book form titled "Die 
Galvanische Kette") that caused it to remain unnoticed 
and unaccepted for many years. This embittered the 
author, whose paper was called foolish. 

As a result of the criticism of his book he lost his position 
at the university and went into retirement for 6 years and 
had to earn his living by tutoring and odd jobs. Twenty-
two years later, his contribution was recognized for its 
worth, but he was 60 years old when he was appointed to 
the chair in physics at the University of Munich. England 
had awarded him the Copley Medal of the Royal Society 
in 1841 and in the following year he was made a Foreign 
Associate of the Royal Society, a distinction previously won 
only by one other German, Gauss. At the presentation of 
the Copley Medal it was stated O h m had resolved " a sub­
ject of vast importance, and hitherto involved in the greatest 

Georg Simon Ohm 

uncertainty." The Council of the Royal Society in granting 
the medal pointed out, further, that O h m had clarified the 
distinction between current intensity and quantity and had 
proved that the magnitude of current flow was equal to the 
sum of all the electromotive force divided by the sum of the 
resistances. This was true irrespective of the nature of the 
source of the current, whether thermoelectric or of voltaic 
origin; if the quotient is equal, the eflfect is the same. 
Thus, the recognition of Ohm's contribution first was made 
abroad and slowly returned to the area of its source. In 
his book O h m also confirms Davy's observation that the 
conductivity of the metals he used increased by the lowering 
of temperature and was decreased by raising it. 

The fame and name of Georg Simon O h m (he was 
christened Johann Simon Ohm) is locked in perpetuity in a 
law and in a term that will be used as long as electricity 
flows, and yet with not a century between our time and the 
date of his death, we have no record of the exact place of 
his birth. Further, because of erroneous dates on tablet 
and tombstone, even the date of his birth often is given in 
error; he was born March 16,1789, somewhere in Erlangen 
in Bavaria. Following the depressive slump that resulted 
from the failure of his colleagues to evaluate his book 
properly, O h m moved from school to school in minor teach­
ing positions until 1849 when the coveted professorship of 
physics at the University of Munich came to him. To his 
electrical studies he added research in molecular physics, 
interference phenomena of polarized light, acoustics, and 
telegraphic communication. The International Electrical 
Congress, meeting in Paris in 1881, established the " o h m " 
as the standard unit of electrical resistance. 
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TEN FOUNDING FATHERS OF ELECTRICAL SCIENCE 

VII. KARL FRIEDRICH GAUSS 
on electro' ana terrestrial magnetism 

B E R N D I B N E R 
F Ε Ε ί, Ο \ V Λ ι V. Ε 

K a r l Fr i edr i ch G a u s s , a s t r o n o m e r , m a t h e m a t i c i a n , a n d e lectr ical e x p e r i m e n t e r , w a s t h e d i s ­
c o v e r e r of t h e G a u s s t h e o r e m in t h e m a t h e m a t i c s of e lectr ic i ty . W i t h W i l h e l m W e b e r , h e c o n ­

s tructed an electric t e l e g r a p h a n d e x t e n d e d data o n terrestr ia l m a g n e t i s m . 

Τ I H E S C I E N C E of electr ici ty owes to Gauss the exac t 
m a t h e m a t i c a l fo rmula t ion of t h e m a g n e t i c field. 
Gauss was a n a t u r a l m a t h e m a t i c a l genius whose m i n d 

funct ioned in a m a n n e r pecu l i a r to such in tense , concen ­
t r a t ed a n d p e n e t r a t i n g th ink­
ing, a n d it was fo r tuna te for 
the evolu t ion of e lectr ical sci­
ence t h a t a t a n ea r ly s tage in 
its d e v e l o p m e n t this fine m i n d 
t u r n e d to t h e resolut ion of its 
in t r ica te p r o b l e m s . 

Gauss was b o r n in the h u m ­
blest s u r r o u n d i n g s in B r a u n ­
schweig, G e r m a n y . His u n ­
usua l ab i l i ty to solve c o m p l e x 
m a t h e m a t i c a l p r o b l e m s a t a 
ve ry ear ly age w o n for h i m the 
p a t r o n a g e of F e r d i n a n d , D u k e 
of Brunswick . A t 18 Gauss 
h a d a l r e a d y evolved the 
m e t h o d of " l eas t s q u a r e s , " a 
dev ice of g rea t p rac t i ca l v a l u e 
to t he su rveyor a n d to t h e 
s ta t is t ic ian. A n o t h e r p o p u l a r 
a id to t h e s tat is t ic ian, t h e ru l e 
of n o r m a l d i s t r ibu t ion of er­
rors w i t h its a c c o m p a n y i n g 
c u r v e s h a p e d like a bel l , is fa­
mi l i a r to all w h o h a n d l e va r i ­
a n c e a n d p robab i l i t y . Gauss 
was 19 w h e n h e d iscovered 
a n d p roved t h e l aw of q u a d ­
ra t ic rec iproc i ty . H o w e v e r , 

these a c c o m p l i s h m e n t s b r o u g h t h i m l i t t le ga in un t i l a t 25 
h e app l i ed his m a t h e m a t i c a l p r inc ip les in a s t r o n o m y to t h e 
d e t e r m i n a t i o n of t h e orbi t s of a family of a s t e ro id s—Ves ta , 
Ceres , Pa l las , a n d dozens of o thers . H e i n v e n t e d t h e he l io ­
g r a p h , a n i n s t r u m e n t of i m p o r t a n t m i l i t a r y use , in w h i c h 
signals, in c o d e , c a n b e t r a n s m i t t e d b y ref lect ing sun l igh t 
f rom a m i r r o r to a n observer . 

I n e lec t r ica l science Gauss is best k n o w n for his a p p l i c a ­
t ion of r igorous m a t h e m a t i c a l analysis p r i nc ipa l l y t o t h e 

Karl Friedrich Gauss 

field of te r res t r ia l m a g n e t i s m , a field t h a t h a s b e c o m e of 
inc reas ing i m p o r t a n c e as t h e l anes of c o m m e r c e m u l t i p l i e d 
over t h e surface of t h e g lobe . H i s first m e m o i r o n a t h e o r y 
desc r ib ing t h e e a r t h ' s m a g n e t i s m , ^^Intensitas vis magneti-

cae terrestris^'^ w a s p u b l i s h e d 
in 1833 . I n it G a u s s used 
m e a s u r e m e n t s in abso lu t e 
un i t s to d e s c r i b e e lectr ic a n d 
m a g n e t i c q u a n t i t i e s for t h e 
first t ime . H e s ta ted , " F o r t h e 
c o m p l e t e d e t e r m i n a t i o n of t h e 
m a g n e t i c force of t h e e a r t h 
in a given p l ace , t h r e e ele­
m e n t s a r e r e q u i r e d : t h e d e c ­
l ina t ion , or t h e ang l e b e t w e e n 
t h e p l a n e in w h i c h t h e m a g ­
n e t lies a n d a m e r i d i a n ; t h e 
i nc l ina t ion of its d i r e c t i o n to 
t h e h o r i z o n t a l p l a n e ; a n d in 
t he t h i r d p l ace , t h e i n t en ­
s i ty . " H e the rea f te r s h o w e d 
h o w it w a s possible to sepa­
r a t e t h e e a r t h ' s m a g n e t i c field 
i n t o t w o c o m p o n e n t s — o n e 
o r i g ina t i ng ins ide t h e e a r t h 
a n d t h e o t h e r o r i g i n a t i n g in 
reg ions ou t s ide t h e e a r t h ' s 
c rus t . H e w a s j o i n e d shor t ly 
the rea f te r b y a n o t h e r keen in­
ves t iga tor , W i l h e l m W e b e r , 
w h o h a d b e e n a p p o i n t e d to 
t h e professorship in physics a t 
G o e t t i n g e n a t G a u s s ' r e c o m ­

m e n d a t i o n , a n d t o g e t h e r t h e y e r ec t ed t h e r e in 1833 a m a g ­
net ic obse rva to ry free f rom i ron , as p rev ious ly was sugges ted 
b y b o t h H u m b o l d t a n d A r a g o . 

H e r e m a g n e t i c obse rva t ions c o v e r i n g severa l yea r s w e r e 
m a d e . T h e s e obse rva t ions w e r e p u b l i s h e d for t h e yea rs 
1827 to 1840 a n d c o n t a i n e d such d a t a as t h e d e c l i n a t i o n a t 
G o e t t i n g e n , t h e in tens i ty of t h e t e r res t r i a l m a g n e t i s m in 
abso lu t e t e r m s , t h e v a r i a t i o n of m a g n e t i c d e c l i n a t i o n . 

Bern Dibner is president, Burndy Engineering Company, Inc., Norwalk, Conn. 
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T h e r e ajso w a s pubHshed d a t a on t h e loca­
t ion a n d shift of m a g n e t i c poles a n d t h e 
axes a n d m a g n e t i c m o v e m e n t of t h e e a r t h . 
I n c l u d e d in t he i r p u b l i c a t i o n s w e r e also 
cha r t s showing t h e i somagne t i c l ines cover ­
ing t h e k n o w n a reas . H e r e too w e r e cen ­
te red t h e act ivi t ies of a n associa t ion 
formed b y Gauss a n d W e b e r , ca l led 
the Magnetischer Verein, in wh ich 
o the r inves t igators m a d e obse rva t ions 
a n d c o n t r i b u t e d the i r d a t a . H e r e w a s d e ­
veloped a sensit ive d e c l i n a t i o n ins t ru­
m e n t a n d t h e " m a g n e t o m e t e r " w h i c h 
consisted of a m a g n e t s u s p e n d e d by t w o 
wires (bifilar suspens ion) , t h e deflect ion 
of t he m a g n e t b e i n g m e a s u r e d b y t h e 
reflection of a b e a m of l ight f rom a m i r r o r 
a t t a c h e d to t h e m a g n e t u p o n a g r a d u a t e d 
a rc . W i t h this i n s t r u m e n t t h e h o r i z o n t a l 
c o m p o n e n t of t h e e a r t h ' s m a g n e t i c force 
was m e a s u r e d . A t first this society 
was c o m p o s e d a lmos t en t i re ly of 
G e r m a n s , b u t l a t e r observers f rom m a n y p a r t s of 
E u r o p e , e x t e n d i n g as far sou th as Sicily, c o n t r i b u t e d the i r 
d a t a t aken on fixed t e r m - d a y s . G a u s s a n a l y z e d t h e d a t a 
a n d p r e p a r e d t w o i m p o r t a n t m e m o i r s as a r e su l t ; one on a 
genera l t heo ry of t h e e a r t h ' s m a g n e t i s m , t h e second on 
forces a t t r a c t i n g in a c c o r d a n c e w i t h t h e inverse s q u a r e of 
the i n t e rven ing d i s t ance . W i t h . t h e m a g n e t o m e t e r . G a u s s 
first d e t e r m i n e d t h e in tens i ty of t h e e a r t h ' s field as i n d i c a t e d 
by the m o t i o n of a m a g n e t s u s p e n d e d ho r i zon ta l ly . T h e 
per iod of oscil lat ion, o f . t b e - m a g n e t in t h e e a r t h ' s field first 
was m e a s u r e d a n d t h e n t h e ang l e t h r o u g h w h i c h the n e e d l e 
of a m a g n e t o m e t e r was def lected b y t h e s a m e m a g n e t w h e n 
p laced a m e a s u r e d d i s t ance a w a y . Bo th m e t h o d a n d ins t ru ­
m e n t a r e subs tan t i a l ly those in use t o d a y . G a u s s ' c o n n e c ­
t ion w i th t h e obse rva to ry a t G o e t t i n g e n b e g a n in 1807 a n d 
con t i nued un t i l his d e a t h , a pe r iod of n e a r l y 50 years . 

I n o r d e r to c o m m u n i c a t e qu ick ly b e t w e e n t h e iron-free 
m a g n e t i c obse rva to ry a n d the a s t r o n o m i c a l obse rva to ry also 
in Goe t t i ngen , Gauss a n d W e b e r c o n n e c t e d t h e t w o obse rva ­
tories w i t h a n electr ic t e l e g r a p h . T h i s is one of t h e earl iest 
uses (1834) of electr ic t e l eg raphy . I t consis ted of a l ine of 
some 15,000 feet of w i r e a n d over this l ine impulses w e r e 
gene ra t ed in t h e c i r cu i t b y m a g n e t o e l e c t r i c c u r r e n t s . 
N o t i n g the d iscovery of F a r a d a y of i n d u c e d electr ic c u r ­
rents . Gauss a n d W e b e r a r r a n g e d a l a rge p e r m a n e n t m a g n e t 
a r o u n d w h i c h t h e y p l aced a coil h a v i n g 7,000 t u r n s of fine 
wire . H a n d l e s w e r e a t t a c h e d to t h e coil a n d these e n a b l e d 
the o p e r a t o r to m o v e t h e coil u p a n d d o w n on t h e m a g n e t 
or to r e m o v e it en t i re ly . Because a m o t i o n in o n e d i r ec t i on 
wou ld cause t h e c u r r e n t to flow in one d i r ec t ion , a reverser 
was a d d e d to k e e p t h e c u r r e n t flow u n i d i r e c t i o n a l . S u c h 
m o t i o n p r o v i d e d a c u r r e n t of r a t h e r h i g h v a l u e for t r ansmis ­
sion purposes b u t even faint impulses w e r e reg is te red b y 
a d d i n g a m i r r o r a n d scale to t he rece iv ing i n s t r u m e n t a n d 
r e a d i n g the m o v e m e n t s t h r o u g h a n op t ica l magni f ie r . T h i s 
t e l eg raph inspi red W e b e r t o n o t e in 1835 " w h e n t h e g lobe 
is covered w i t h a n e t of r a i l roads a n d t e l e g r a p h wires , this 
ne t will r e n d e r services c o m p a r a b l e to those of t h e n e r v o u s 

From Geschichtc der Elcktricitaet, 1885 

T h e G a u s s - W e b e r te l egraph 

sys tem of t he h u m a n b o d y , pa r t l y as a m e a n s of t r anspo r t , 
p a r t l y as a m e a n s for t h e p r o p a g a t i o n of ideas a n d sensat ions 
w i t h t h e speed of l i g h t n i n g . " G a u s s also p roposed the idea 
of u s ing t h e d o u b l e t r acks of a r a i l r oad for t h e t ransmiss ion 
of s ignals a n d t h e r e b y e lec t r ica l ly ty ing the n e t w o r k to­
ge the r . S te inhe i l t r ied to i n t r o d u c e this system on the 
N u e r n b e r g - F u e r t h l ine, b u t faul ty insu la t ion caused the 
pro jec t to fail. 

G a u s s ' a p p l i c a t i o n of " a b s o l u t e " un i t s of l eng th , mass , 
a n d t i m e to m a g n e t i c fields^ p r o m p t e d W e b e r to d o the s a m e 
to e lec t r ic fields. W e b e r t h e r e b y d e t e r m i n e d , us ing t h e 
m a g n e t i c effects of a n e lec t r ic c u r r e n t , t h a t this c u r r e n t will 
exe r t u n i t force a t u n i t d i s t a n c e on o n e of G a u s s ' un i t m a g ­
ne t ic poles s i t ua t ed a t r i gh t angles to t h e wi re . I n 1849 
W e b e r b e g a n his inves t iga t ions of e l ec t romot ive force a n d 
of c u r r e n t a n d t h e r e w i t h evolved the i r un i t s of m e a s u r e . 
H a v i n g thus d e t e r m i n e d un i t s of c u r r e n t a n d e l ec t romot ive 
force W e b e r , b y O h m ' s l aw, found the un i t of resis tance. 

F o r his c o n t r i b u t i o n s to o u r k n o w l e d g e of ter res t r ia l 
m a g n e t i s m t h e I n t e r n a t i o n a l Congress of E lec t r i c ians desig­
n a t e d t h e v a l u e of in tens i ty of a m a g n e t i c field b y t h e t e r m 
" g a u s s . " A p o p u l a r i z a t i o n of t he t e r m " d e g a u s s " occu r r ed 
in W o r l d W a r I I w h e n m e a s u r e s w e r e t a k e n b y t h e al l ied 
forces t o n e u t r a l i z e t h e e x t e r n a l m a g n e t i c field of a n a v a l 
vessel a n d t h e r e b y to avo id t r i gge r ing t h e m a g n e t i c m i n e s 
set b y t h e G e r m a n s . T h e s e m i n e s w e r e ene rg ized b y the 
m a g n e t i c field of t h e steel hul l s of ships n o t degaussed . 

G a u s s possessed t h e u n u s u a l p o w e r of dev is ing d y n a m i c a l 
m o d e l s a n d d r a w i n g on ana log ies to d e m o n s t r a t e obscu re 
phys ica l r e la t ionsh ips , p a r t i c u l a r l y those in e lect r ica l sci­
ence . S t e e p e d in t h e severe d i sc ip l ine of m a t h e m a t i c a l 
t h o u g h t h e a d h e r e d to t h e p rac t i ces of A r c h i m e d e s a n d N e w ­
ton in p r e s e n t i n g for p u b l i c a t i o n on ly c o m p l e t e d works , 
s imple a n d def ini t ive , b u t o m i t t i n g t h e s teps b y w h i c h his 
conc lus ions h a d b e e n a r r i v e d a t , a t r a i t h e h a d deve loped 
since b o y h o o d . H i s c o n t r i b u t i o n s to m a t h e m a t i c s , as t ron­
o m y , geodesy, a n d e lec t r ic i ty p l a c e h i m a m o n g t h e g ian ts 
of t h e sciences. 
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TEN FOUNDING FATHERS OF THE ELECTRICAL SCIENCE 

VIII . MICHAEL FARADAY 
and the discovery of electromagnetic induction 

B E R N D I B N E R 
F E L L O W A I E E 

Michael Faraday was a chemist and electrical experimenter who discovered electromagnetic 
induction, the laws of electrolytic action and magnetic rotation. His discoveries led directly to 

large-scale electrification and electric controls in industry. 

r I I W O S T E P S a d v a n c e d e lec t r ica l science to t h e s t a tus 
of a m a j o r social force. T h e first w a s t h e i n v e n t i o n b y 
Ales sandro V o l t a of a c h e m i c a l source of e lec t r ic i ty , 

t h e vo l ta ic cel l , a n d t h e second t h e d i scovery of e l e c t r o m a g ­
net ic i n d u c t i o n b y F a r a d a y . V o l t a ' s b a t t e r y p r o v i d e d ea r ly 
e lec t r ic ians w i t h m e a n s for e lec t r ica l ly d e c o m p o s i n g ele­
m e n t s , p r o d u c i n g a n electr ic a r c , a n d m o r e i m p o r t a n t , it 
led to t h e cons t ruc t i on of t he e l e c t r o m a g n e t w h i c h , in t u r n , 
o p e n e d t h e w a y to t h e full e x p a n s i o n of t h e e lec t r ica l a g e . 

T h e ea r ly inves t iga tors asked themselves w h y powerfu l 

Michael Faraday 

m a g n e t s c o u l d b e p r o d u c e d b y t h e flow of a n e lec t r ic c u r r e n t 
in a wi re , ye t e lec t r ic i ty c o u l d n o t b e p r o d u c e d f rom a m a g ­
ne t ic c i rcu i t . T h e p r o b l e m set off* m a n y e x p e r i m e n t s in t h e 
first t h i r d of t h e 1800 's . I t r e m a i n e d for M i c h a e l F a r a d a y 
to resolve this p r o b l e m a n d t h e r e b y to t r ans fo rm t h e fabr ic 
of society i n t o a n e v e r - g r o w i n g i n t e g r a t e d n e t w o r k . 

O f m o s t h u m b l e or ig in , a n d w i t h n o f o r m a l e d u c a t i o n , 
F a r a d a y b e g a n w o r k a t t h e R o y a l I n s t i t u t i o n in L o n d o n as a 
l a b o r a t o r y ass is tant t o H u m p h r y D a v y , a n o u t s t a n d i n g 
c h e m i s t a n d e lec t r ica l e x p e r i m e n t e r of t h e t ime . T h r o u g h 
D a v y , F a r a d a y m e t t h e i m p o r t a n t scientists of E n g l a n d a n d 
t h e C o n t i n e n t i n c l u d i n g A m p e r e , C o u n t R u m f o r d , a n d 
V o l t a . A t t h e R o y a l I n s t i t u t i o n F a r a d a y l ived a n d e x p e r i ­
m e n t e d i n c h e m i s t r y a n d in e lec t r ic i ty . A series of l ec tu res 
a n d d e m o n s t r a t i o n s before d i s t i ngu i shed a u d i e n c e s , i n c l u d ­
ing roya l ty , b r o u g h t t h e w o r k of these e x p e r i m e n t e r s before 
t h e r a p i d l y e x p a n d i n g w o r l d of sc ience . 

F a r a d a y ' s e lec t r ica l e x p e r i m e n t s b e g a n to rece ive a t t e n ­
t ion in 1821 w h e n h e d e m o n s t r a t e d e l e c t r o m a g n e t i c r o t a ­
t ion , in w h i c h t h e flow of e lect r ic c u r r e n t c a u s e d a m a g n e t 
t o revo lve a r o u n d a w i r e c a r r y i n g c u r r e n t o r a w i r e c a r r y i n g 
c u r r e n t t o revo lve a r o u n d a fixed m a g n e t . T h e m o t i o n s 
c o n t i n u e d as l o n g as t h e c u r r e n t c o n t i n u e d t o flow. H e 
t h e n succeeded in c a u s i n g a de l i ca t e ly b a l a n c e d w i r e c a r r y ­
ing c u r r e n t t o m o v e as a resu l t of b e i n g in t h e e a r t h ' s mag.-
ne t ic field a lone . F o r 10 yea r s the reaf te r , F a r a d a y c o n ­
c e r n e d himself w i t h t h e p r o b l e m of c o n v e r t i n g m a g n e t i c 
force i n t o s o m e fo rm of e lec t r ic force. H e s tud i ed in tense ly 
w h a t o the r e x p e r i m e n t e r s h a d a c c o m p l i s h e d a n d , in p a r t i c u ­
lar , t h e p h e n o m e n o n of e lec t ros ta t ic i n d u c t i o n . F o u r t imes 
in these 10 years F a r a d a y h a d a p p l i e d himself t o t h e spe ­
cific inves t iga t ion of m a g n e t o e l e c t r i c g e n e r a t i o n , w i t h n o 
resul ts . 

I n t h e s u m m e r of 1831 h e b e g a n a fifth a t t e m p t a t so lv ing 
t h e p r o b l e m . H e took a soft i r on r i n g a b o u t 6 inches in 
d i a m e t e r a n d w o u n d a coil of c o p p e r w i r e on o n e s ide of t h e 
r i n g a n d a second coil o n t h e o t h e r s ide . H e n e x t p l a c e d 
a m a g n e t i c n e e d l e a sho r t d i s t a n c e f rom t h e r i n g a n d c o n ­
n e c t e d it t o t h e first co i l ; a b a t t e r y w a s c o n n e c t e d t o t h e 
second coil . A t t h e i n s t a n t of c o n n e c t i o n t h e m a g n e t i c 
n e e d l e m o v e d a n d c a m e to r e s t ; w h e n t h e c o n n e c t i o n w a s 
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broken t h e m o t i o n was r e p e a t e d in t h e . o p p o s i t e d i r ec t ion . 
H e checked t h e t r u e magnetic n a t u r e of t h e c u r r e n t p r o d u c e d 
b y subs t i t u t ing a c o p p e r r i n g for t h e i ron o n e a n d obse rved 
Uttle m o t i o n . F a r a d a y t h e n w o u n d a coi l of 220 feet of 
wi re i n t o a solenoid a n d c o n n e c t e d its e n d s t o a g a l v a ­
n o m e t e r . W h e n h e p l u n g e d a cy l ind r i ca l b a r m a g n e t i n t o 
the coil , t h e n e e d l e m o v e d ; w h e n h e p u l l e d i t ou t , i t m o v e d 
in t h e oppos i te d i r ec t ion . H e therefore c o n c l u d e d t h a t it 
was t h e relative m o t i o n of m a g n e t a n d coi l t h a t w a s i n d u c i n g 
the g e n e r a t i o n of e lectr ic c u r r e n t . 

Fo l lowing t h e c u e es tab l i shed b y t h e m o m e n t a r y g e n e r a ­
t ion of a n e lect r ic i m p u l s e f rom a m a g n e t i c source , on 
O c t o b e r 28 , 1 8 3 1 , F a r a d a y 
c o m p l e t e d t h e assembly of a n 
electr ic m a c h i n e cons is t ing of 
the g r ea t m a g n e t of t h e R o y a l 
Socie ty b e t w e e n t h e poles of 
w h i c h h e h a d e r ec t ed a c o p p e r 
disk 12 inches in d i a m e t e r on 
a n axle t e r m i n a t i n g in a c r a n k . 
F r o m t h e disk t w o col lec tor 
str ips w e r e c a r r i e d ; o n e r o d e 
on t h e axle , t h e o t h e r on t h e 
r i m of t h e disk, a n d these 
strips w e r e led t o a g a l v a n o m ­
eter . T h e axle a n d disk r i m 
w h e r e t h e s tr ips m a d e c o n t a c t 
w e r e t r e a t e d w i t h a m a l g a m . 
W h e n F a r a d a y revo lved t h e 
disk b y m e a n s of a n a t t a c h e d 
h a n d l e t h e g a l v a n o m e t e r 
showed a def lec t ion ; w h e n 
h e reversed t h e r o t a t i o n t h e 
deflect ion w a s in t h e oppos i te 
d i r ec t ion . F a r a d a y visual­
ized his d isk " c u t t i n g " m a g n e t i c l ines flowing f rom po le 
to po le of t h e g r e a t m a g n e t . T h e s e l ines h e c o u l d 
d e m o n s t r a t e b y sp r ink l ing i ron filings in t h e p a t h b e t w e e n 
pole a n d po le . W h e n h e r e p l a c e d t h e disk b y a w i r e t h a t h e 
m o v e d across t h e m a g n e t i c field, t h e s a m e resul t s fo l lowed. 

H e d e v o t e d 10 d a y s of in tens ive e x p e r i m e n t a t i o n t o c h e c k 
the n a t u r e of t h e e lec t r ic i ty so p r o d u c e d a n d finally, a t t h e 
e n d of N o v e m b e r , a n n o u n c e d his m o s t i m p o r t a n t d i scovery 
before t h e R o y a l Socie ty . E lec t r i c i ty finally h a d b e e n p r o ­
d u c e d from m a g n e t i s m . T h i s d i scovery w a s f o r m u l a t e d i n t o 
a p a p e r for p u b l i c a t i o n u n d e r t h e t i t le " E x p e r i m e n t a l R e ­
searches in E l e c t r i c i t y " a n d w a s t h e first of a series of 29 
t h a t c o n t i n u e d on t h r o u g h 1852 , a n n o u n c i n g t h e m a n y 
c o n t r i b u t i o n s of F a r a d a y to t h e sc ience h e h e l p e d es tab l i sh . 

After F a r a d a y ' s m a j o r c o n t r i b u t i o n t h e r e c a m e t h e d is ­
covery of se l f - induced c u r r e n t s , p o l a r i t y in d i a m a g n e t i c 
bodies , l ines a n d fields of m a g n e t i c force, a n d t h e use of in ­
d u c e d c u r r e n t as a m e a s u r e of field in tens i ty . I n t h e w o r k 
of his ea r l i e r in teres t , chemi s t ry , h e evo lved t h e l a w of e lec­
t r o c h e m i c a l d e c o m p o s i t i o n , e l e c t r o c h e m i c a l c o n d u c t i o n , 
analysis of g e n e r a t i o n in t h e vol ta ic p i le , a n d t h e g e n e r a l 
t heo ry of electrolysis . W i t h his d iscover ies F a r a d a y c o n ­
t r i bu t ed a pa ra l l e l v o c a b u l a r y of n e w e lec t r ica l a n d m a g ­
net ic t e r m s t h a t h a v e b e c o m e t h e l a n g u a g e of t h e sc ience . 
H i s w o r k c a r r i e d h i m i n t o a s t u d y of d ie lec t r ics a n d t h e 

d e t e r m i n a t i o n ! 
easy s t ep b e t w e e n t h e i n v e n t i o n of t h e e lec t r ic g e n e r a t o r b y 

t h e process o. 

of "specif ic i n d u c t i v e c a p a c i t y . " I t was n o 

i n d u c t i o n ( w h i c h cons t i tu t e s t h e p r ac t i c a l 

T h e generator wi th w h i c h Faraday c o n v e r t e d magne t i sm 
into electricity 

fo rm of t h e e lec t r ic g e n e r a t o r s of t o d a y ) a n d its p r a c t i c a l use 
in i n d u s t r y . JDevices t o use th is e lec t r ic i ty still h a d to b e 
i n v e n t e d . Tl^e e lec t r ic h g h t , t h e e lec t r ic m o t o r , m e t a l ­
lu rg ica l , ther i l i a l , o r c h e m i c a l use of e lec t r ic i ty , these a n d 
s imi la r devices a w a i t e d t h e i n v e n t i v e gen ius of l a t e r e lec­
t r i c ians . O t h e r t h a n its a p p l i c a t i o n t o t e l e g r a p h y it w a s n o t 
u n t i l 1860 t h a t c u r r e n t f rom a n e lec t r ic g e n e r a t o r w a s 
a p p l i e d t o l i g h t h o u s e i l l u m i n a t i o n t h e r e b y p r o v i d i n g t h e 
first b u l k use of t h e n e w force. H o w e v e r , f rom t h e n o n t h e 

science m o v e d w i t h inc reas ing 
r a p i d i t y so t h a t b y t h e e n d of 
t h e c e n t u r y , in E n g l a n d a l o n e , 
i n v e s t m e n t s in e lec t r ic e q u i p ­
m e n t e x c e e d e d £ 1 0 0 , 0 0 0 , 0 0 0 , 
a p y r a m i d bu i l t u p in less 
t h a n 70 yea r s . 

F o l l o w i n g t h e a n n o u n c e ­
m e n t of his d i scovery of t h e 
m e a n s for g e n e r a t i n g e lec t r ic­
i ty b y e l e c t r o m a g n e t i c i n d u c ­
t i on , in a p a p e r r e a d before 
t h e R o y a l Soc ie ty o n N o v e m ­
b e r 24 , 1 8 3 1 , a n d in a le t te r to 
his f r iend R i c h a r d Phi l l ips 
w r i t t e n f rom B r i g h t o n on N o ­
v e m b e r 2 5 , t h e r ecogn i t ion of 
t h e i m p o r t a n c e of t h e discov­
e r y b y scientists w a s i m m e d i ­
a t e . O v e r a h u n d r e d a c a ­
d e m i c a n d scientific h o n o r s 
w e r e confe r red u p o n F a r a d a y , 
i n c l u d i n g t h e on ly o n e w h i c h 

h e ac t ive ly sough t , m e m b e r s h i p in t h e R o y a l Socie ty . S p o n ­
sored b y Phi l l ips , F a r a d a y a t t h e a g e of 32 b e c a m e a Fe l low 
of t h e R o y a l Soc ie ty in J a n u a r y 1824. A p p o i n t e d d i r e c t o r 
of t h e l a b o r a t o r y of t h e R o y a l I n s t i t u t i o n in 1825 , h e b e c a m e , 
8 yea rs l a te r , professor of c h e m i s t r y t h e r e for life. A l t h o u g h 
h e w a s w i t h o u t t h e ob l iga t ion to l e c tu r e , his l ec tu res t h e r e 
b e c a m e exceed ing ly p o p u l a r . H e r e m a i n e d a t t h e In s t i t u ­
t ion for 54 years a n d d i e d in 1867 . 

I n t h e 54 fruitful years h e s p e n t as e x p e r i m e n t e r a n d 
l e c t u r e r a t t h e R o y a l I n s t i t u t i o n , F a r a d a y h a d p u b l i s h e d 
158 p a p e r s in c h e m i s t r y a n d e lec t r ic i ty . T h e m o s t i m p o r ­
t a n t of these w a s t h e series " E x p e r i m e n t a l R e s e a r c h e s in 
E l e c t r i c i t y " w h i c h c o n t i n u e d to a p p e a r for a p e r i o d of ove r 
20 yea r s . I n t h e first of these , as h e i n d i c a t e d in his a n ­
n o u n c e m e n t t o Phi l l ips , t h e t i t le w a s es tab l i shed a n d t h e 
subjects t r e a t e d w e r e to b e " I . O n t h e i n d u c t i o n of e lec­
tr ic c u r r e n t s . I I . O n t h e evo lu t ion of E lec t r ic i ty f rom 
m a g n e t i s m . I t l . O n a N e w e lec t r i ca l c o n d i t i o n of m a t t e r . 
I V . O n A r a g o ' s m a g n e t i c p h e n o m e n a . T h e r e is a bill of 
fare for y o u — [ " I n J a n u a r y 1832 t h e first of these p a p e r s 
w a s p u b l i s h e d a n d in t h a t y e a r O x f o r d confe r red a n h o n o r ­
a r y d o c t o r a t e on F a r a d a y . A gra tefu l I n t e r n a t i o n a l E l ec ­
t r ica l Gongress , m e e t i n g in Pa r i s in 1 8 9 1 , vo t ed to t e r m t h e 
e lec t r i ca l u n i t of c a p a c i t a n c e t h e " f a r a d " in h o n o r of o n e 
w h o h a d c o n t r i b u t e d so m u c h to e lec t r ica l sc ience. 
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TEN FOUNDING FATHERS OF THE ELECTRICAL SCIENCE 

IX. JOSEPH HENRY 
on electromagnetism and telegraphy 

B E R N D I B N E R 
F E L L O W A I E E 

J o s e p h H e n r y i n d e p e n d e n t l y d i s c o v e r e d e l e c t r o m a g n e t i c i n d u c t i o n , t h e se l f - induc t ion o f a n 
electr ic s u r g e , a n d t h e osci l latory n a t u r e of d i s c h a r g e s ; h e c o n s t r u c t e d t h e first o p e r a t i v e t e l e ­
g r a p h . T h e bes t k n o w n phys ic i s t of h is t i m e , h e w a s a p p o i n t e d first s e c r e t a r y of t h e S m i t h s o n i a n 

Ins t i tut ion in W a s h i n g t o n , D . C , in 1 8 4 5 . 

Τ I H E E L E C T R I C A L c o n t r i b u t i o n s of J o s e p h H e n r y 
w e r e m a n y ; t h r ee w e r e of p r i m a r y i m p o r t a n c e . T h e 
first of these was the discovery of se l f - induct ion, t h e 

isecond was t h e cons t ruc t ion of a p rac t i ca l e lectr ic te le­
g r a p h , a n d t h e th i rd , t he d e ­
t e r m i n a t i o n of t h e osci l latory 
n a t u r e of l i gh tn ing a n d the 
d i scha rge f rom a L e y d e n j a r . 

I t was a t t h e A l b a n y (N.Y. ) 
A c a d e m y t h a t H e n r y , wi th ­
ou t a k n o w l e d g e of t h e exper i ­
m e n t a l discoveries of F a r a d a y , 
c a r r i e d o u t e x p e r i m e n t s in 
e l e c t r o m a g n e t i c i n d u c t i o n , 
u s ing e l ec t romagne t s . I n 
o the r e x p e r i m e n t s H e n r y 
t r ans fo rmed electr ic i n to m e ­
c h a n i c a l e n e r g y b y cons t ruc t ­
i n g a n electr ic m o t o r of novel 
design. H e b a l a n c e d a s t r a igh t 
i ron b a r (on w h i c h a n e lec t ro­
m a g n e t i c coil h a d b e e n 
A v o u n d ) on knife edges u p o n 
ivh ich res ted t run ions set in 
t h e b a r ' s cen te r . Below the 
e l e c t r o m a g n e t a b a r m a g n e t 
Avas p l aced so t h a t the n o r t h 
poles faced in t h e s a m e d i rec ­
t ion . T w o ba t t e r i e s , one a t 
e a c h e n d of t h e e l e c t r o m a g ­
ne t , w e r e c o n n e c t e d to the i r 
respec t ive coils a n d e q u i v a ­
lent pa i r s of leads t e r m i n a t e d 
e a c h coil e n d . W h e n one 
e n d of t h e b a r w a s depressed 
t h e coil was energ ized a n d t h e r e u p o n m o v e d u p a t t h e s a m e 
t i m e revers ing t h e c u r r e n t a n d depress ing t h e o t h e r coil 
A v h i c h b e c a m e energ ized . T h u s a rock ing m o t i o n was g iven 
to the b a r e l e c t r o m a g n e t . 

W i l l i a m S t u r g e o n in L o n d o n , in 1825, i m p r o v e d A m -
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pere ' s s imple m a g n e t b y w i n d i n g a w i r e c a r r y i n g c u r r e n t 
a b o u t a n i ron , h o r s e s h o e - s h a p e d b a r . H e d i d this b y cove r ­
ing t h e i ron b a r w i t h i n s u l a t i n g v a r n i s h a n d w i n d i n g a 
b a r e , c o p p e r hel ix u p o n it. H e n r y , in 1829, e x h i b i t e d his 

i m p r o v e d horseshoe m a g n e t a t 
t h e A l b a n y A c a d e m y . I t was 
m a d e b y c o a t i n g t h e wire w i t h 
in su la t ing m a t e r i a l , t h e r e b y 
e n a b l i n g h i m to w r a p t h e coil 
m u c h closer. F u r t h e r , h e 
pol ished t h e e n d faces of t h e 
i ron m a g n e t a n d a d d e d a n 
a r m a t u r e to b r i d g e t h e g a p 
b e t w e e n these faces, t h e r e b y 
c los ing t he m a g n e t i c c i rcu i t . 
A n a d d i t i o n a l i m p r o v e m e n t 
consis ted of w i n d i n g t h e m a g ­
n e t w i t h m u l t i p l e layers of 
w i n d i n g s . H e n r y t h e r e b y 
bu i l t u p t w o classes of m a g ­
n e t s — t h o s e h a v i n g a few t u r n s 
of wires w i t h l a rge cross sec­
t ion a n d those h a v i n g m a n y 
t u r n s of fine wires . T h e 
fo rmer h e ca l led quantity m a g ­
ne ts , t h e l a t t e r intensity m a g ­
ne t s . W i t h these diff'ering 
cons t ruc t ions H e n r y was ab l e 
to d e m o n s t r a t e O h m ' s l aw, 
w h i c h first was a n n o u n c e d in 
1827. 

I n a n o t h e r s tep in t h e s t u d y 
Joseph Henry of t h e c h a r a c t e r of i n d u c e d 

c u r r e n t s , H e n r y w o u n d t w o 
coils on a c o m m o n toro id fo rm. 

O n e coil consis ted of a few t u r n s of h e a v y c o p p e r w i r e 
insu la ted w i t h a c o a t i n g of b lack e n a m e l p a i n t . T h e o t h e r 
coil was w o u n d u p o n a n in su l a t i ng c o v e r i n g of t h e first a n d 
it consis ted of m a n y t u r n s of fine w i r e . W i t h this a s sembly 
H e n r y cou ld de l ive r c u r r e n t s of h i g h in tens i ty (vo l tage) o r 
h i g h q u a n t i t y ( c u r r e n t ) b y se lec t ing t h e p r o p e r r e l a t i o n s h i p 
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of t he n u m b e r of t u r n s of t he coils, t hus i n a u g u r a t i n g t r a n s ­
former des ign. 

T h e s tep f rom scientific cur ios i ty to e n g i n e e r i n g was m a d e 
w i t h a m a g n e t t h a t H e n r y bu i l t a t A l b a n y . T h i s , a ho r se ­
shoe m a g n e t , was on ly inches h igh , h a d a n i ron co re 2 
inches s q u a r e , a n d w e i g h e d 21 p o u n d s . U p o n this b a r w e r e 
w o u n d n i n e coils of wi re , e a c h of 60-foot l eng th . T h e s e coils 
h a d t e rmina l s t h a t cou ld b e c o n n e c t e d in series or in p a r a l ­
lel. W i t h c u r r e n t in t h e coils it was found t h a t a 7 - p o u n d 
a r m a t u r e , fitted to t h e po le faces, cou ld lift a w e i g h t of 650 
p o u n d s , a n as ton i sh ing d e m o n s t r a t i o n for t h a t t ime . 

I n 1832, H e n r y m o v e d to P r i n c e t o n U n i v e r s i t y as profes­
sor of n a t u r a l ph i losophy , t h e t e r m t h e n still used for sci­
ence . H e r e h e c o n s t r u c t e d his larges t e l e c t r o m a g n e t , o n e 
c a p a b l e of h o l d i n g a w e i g h t of 3,600 p o u n d s . W i t h this 
l a rge m a g n e t H e n r y g e n e r a t e d i n d u c e d electr ic c u r r e n t s . 
H e covered a p iece of c o p p e r w i r e 30 feet l o n g w i t h insu la t ­
ing va rn i sh a n d w o u n d this a b o u t t h e i ron a r m a t u r e w h i c h 
t h e n was fas tened to t h e poles. T h e t e r m i n a l s of this smal le r 
coil w e r e a t t a c h e d to a g a l v a n o m e t e r wh i l e t h e t e r m i ­
na ls of t h e coils of t h e l a rge m a g n e t w e r e a t t a c h e d to t h e 
d r y p la tes of a vol ta ic b a t t e r y . A t a s ignal f rom H e n r y t h e 
p la tes w e r e p l u n g e d in to a vessel of d i l u t e ac id . A t t h e 
ins tan t of i m m e r s i o n t h e g a l v a n o m e t e r need l e def lected 
3 0 ° , i n d i c a t i n g t h e g e n e r a t i o n of a n i n d u c e d c u r r e n t in t h e 
a r m a t u r e coils. After a n i n s t an t t h e need l e r e t u r n e d to 
ze ro . W i t h d r a w i n g t h e b a t t e r y p la tes f rom t h e ac id p r o ­
d u c e d a m o t i o n of t h e need l e in t h e oppos i t e d i r ec t i on b u t 
of lesser in tens i ty . I n his p a p e r H e n r y also a n n o u n c e d his 
d iscovery of se l f - induct ion. T h i s o c c u r r e d w h e n h e b r o k e a 
c i rcu i t consis t ing of a b a t t e r y a n d a l ong wi re , especia l ly 
one w o u n d in to a coil form, w h e r e u p o n t h e r e a p p e a r e d a 
long spa rk a t t he b reak po in t s . H e n r y bel ieved t h a t t h e 
long wi re b e c a m e c h a r g e d in some m a n n e r wh i l e t h e c u r ­
r e n t flowed; a b r e a k in t h e c i rcu i t c aused a r e ac t i on on 
itself w i t h resu l t ing spark . 

W h i l e still a t A l b a n y , H e n r y c o n s t r u c t e d a t e l e g r a p h c o n ­
sisting of m o r e t h a n a mi l e of w i r e s t r e t ched a b o u t a r o o m 
a t t h e a c a d e m y . A t one e n d of this l ong c i rcu i t h e p l aced a 
b a r m a g n e t , one pole of w h i c h was p l a n t e d b e t w e e n t h e 
legs of a horseshoe m a g n e t . W h e n t h e c i r cu i t w a s closed 
the m a g n e t i c coil w a s ene rg ized a n d c a u s e d t h e b a r m a g n e t 
to shift ho r i zon ta l ly , t hus s t r ik ing a bel l w i t h its f a r the r e n d . 
A la te r modi f ica t ion caused do t s to b e p l a c e d on a coil of 
m o v i n g p a p e r . A c o d e of r ings or do t s w a s r e l a t e d to t h e 
a l p h a b e t , t h e r e b y p r o v i d i n g a p r ac t i c a l e lec t r ic t e l e g r a p h . 

H e n r y e x t e n d e d t h e e x p e r i m e n t s of F a r a d a y in t h e m u ­
tua l i n d u c t i o n of t w o a d j a c e n t coils to spaces b e t w e e n t h e m , 
b o r d e r i n g on r a d i o c o m m u n i c a t i o n . H e p r e s e n t e d a p a p e r 
in 1838, " O n t h e I n d u c t i o n of S e c o n d a r y C u r r e n t s a t a 
D i s t a n c e . " I n these e x p e r i m e n t s H e n r y p l a c e d t w o coils, 
one 4 feet in d i a m e t e r a n d a smal l s e c o n d a r y coil of m a n y 
t u r n s of fine w a r e , a t v a r y i n g d i s tances u p to 4 feet a p a r t . 
H e t h e n h a d a n obse rve r t a k e a second coil i n to a n a d j a c e n t 
r o o m a n d m a n a g e d to c o m m u n i c a t e s ignals to h i m . I n 
1842 H e n r y m a g n e t i z e d steel need les by d i s c h a r g i n g a b a t ­
te ry of L e y d e n j a r s in to a n aer ia l w h i c h was p l aced several 
h u n d r e d feet a w a y from his t e l e g r a p h l ine on t h e P r i n c e t o n 
c a m p u s . 

H e n r y s tud ied l i g h t n i n g d i scha rges b y the i r m a g n e t i c 

eff'ect on steel rteedles. H e used t h e m e t a l roof of his l a b o r a ­
to ry as a n a e r i a l b y so lde r ing a w i r e to i t a n d l e a d i n g this 
w i r e i n t o t h e l a b o r a t o r y , t h r o u g h a m a g n e t i z i n g coi l , a n d 
t h e n g r o u n d i n g t h e w i r e in a d e e p wel l . H e f o u n d t h a t even 
d i s t a n t l i g h t n i n g flashes m a g n e t i z e d t h e need les , s o m e t i m e s 
in oppos i t e po la r i t y . T h i s l ed h i m to t h e c o n c l u s i o n t h a t 
l i g h t n i n g d i s c h a r g e w a s osc i l la tory in c h a r a c t e r , s imi la r to 
t h a t f rom L e y d e n j a r s . H e also s t ud i ed L e y d e n j a r d is ­
c h a r g e s b y us ing a glass c y l i n d e r w i t h a he l ica l s t r ip of t in­
foil p a s t e d b o t h ou t s ide a n d ins ide of t h e c y l i n d e r t h e r e b y 
p r o d u c i n g a t r u e t r ans fo rmer . A need l e p l a c e d in t he coil 
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H e n r y ' s apparatus for test ing e lec tromagnets : a is the magnet , 
b a n d c the adjus table voltaic cell 

of t h e s e c o n d a r y b e c a m e u n e v e n l y m a g n e t i z e d w h e n a 
L e y d e n j a r d i s c h a r g e w a s sen t across t h e p r i m a r y , a g a i n 
p r o v i n g t h e osci l la tory n a t u r e of t h e d i s cha rge . 

A t P r i n c e t o n in 1836 H e n r y c o n s t r u c t e d a t e l e g r a p h 
across t h e c a m p u s us ing t w o wells for t h e g r o u n d r e t u r n . 
T h r o u g h this c i r cu i t h e sent s ignals f rom his h o m e to his 
l a b o r a t o r y . H e also a d a p t e d the t e l e g r a p h rece iver 
m e c h a n i s m to ac t as a r e l ay for c los ing a s e c o n d a r y c i rcu i t . 
W h e n t h e p r i m a r y e l e c t r o m a g n e t c a u s e d a c o u n t e r b a l a n c e d 
a r m to b e b r o u g h t d o w n to t h e m a g n e t poles , t h e o u t e r e n d 
of t h e a r m c a u s e d a w i r e to d i p i n to a pool of m e r c u r y , 
t h e r e b y closing the s e c o n d a r y c i rcu i t . T h e r e l ay p r inc ip l e 
found v e r y w i d e use in t e l e g r a p h y a n d i n o t h e r c i rcu i t -
c los ing m e c h a n i s m s . 

H e n r y w a s a p p o i n t e d t h e first s ec re t a ry of t h e S m i t h ­
son ian I n s t i t u t i o n in 1845, a pos i t ion in w h i c h h e es tab l i shed 
t h e p r a c t i c e of r e p o r t i n g me teo ro log i ca l c h a n g e s t h r o u g h o u t 
t h e c o u n t r y b y t e l e g r a p h . H e n r y w a s h e s i t a n t in p u b l i s h i n g 
his obse rva t ions a n d t h e r e b y lost p r io r i t y o n several of his 
mos t i m p o r t a n t discover ies . H e a p p l i e d for n o p a t e n t s a n d 
s o u g h t n o m o n e t a r y r e w a r d s . H e s t a t e d : " T h e on ly r e ­
w a r d I ever e x p e c t e d w a s t h e consciousness of a d v a n c i n g 
science, t h e p l e a s u r e of d i scover ing n e w t r u t h s a n d t h e sci­
entific r e p u t a t i o n to w h i c h these l abo r s w o u l d en t i t l e m e . " 
A fire t h a t o c c u r r e d in his office a t t h e S m i t h s o n i a n in 1865 
d e s t r o y e d all of his e a r ly p a p e r s ; o the rwise , J o s e p h H e n r y , 
t he best k n o w n physicis t of his t i m e , w o u l d b e m o r e w ide ly 
k n o w n t o d a y . M e e t i n g in C h i c a g o in 1893 , t h e I n t e r ­
n a t i o n a l Congres s of E lec t r i c i ans es tab l i shed t h e " h e n r y " 
as t h e i n t e r n a t i o n a l u n i t of i n d u c t a n c e . 
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TEN FOUNDING FATHERS OF THE ELECTRICAL SCIENCE 

X. JAMES CLERK MAXWELL 
and electromagnetic forces mathematically demonstrated 

B E R N D I B N E R 
F E L L O W A I E E 

J a m e s Clerk M a x w e l l , phys i c i s t a n d e lectr ical e x p e r i m e n t e r , m a t h e m a t i c a l l y d e v e l o p e d t h e 
n a t u r e of a n e l e c t r o m a g n e t i c field a n d r e l a t e d it to t h e n a t u r e o f l i ght . H i s w o r k l e d to t h e d i s ­

c o v e r y of e lectr ic w a v e s a n d t h e m e c h a n i c a l p r e s s u r e of l ight . 

IHIS G E N I A L S C O T S M A N c a n b e cons ide red as t h e 
oak whose roots g a t h e r e d u p t h e e lec t r ica l k n o w l e d g e 
of his predecessors a n d c o n t e m p o r a r i e s a n d passed 

t h e m on to t h e m a n y b r a n c h e s of t h e phys ica l sciences of 
t o d a y . H e was t h e p r o d u c t of t h e univers i t ies of E d i n b u r g h 
a n d of C a m b r i d g e ( T r i n i t y ) , t h e school of N e w t o n a n d 
D a r w i n . 

M a x w e l l ' s in te res t in t h e phys ica l sciences w a s a t first 
gene ra l a n d i n c l u d e d specia l s tudies in t h e b e h a v i o r of gases, 
t h e i n t e r c h a n g e of forms of ene rgy , a n d of opt ics . F r o m 
1860, w h e n h e w a s a w a r d e d t h e R u m f o r d M e d a l b y t h e 
R o y a l Society for his s tudies in l ight , to 1866 w h e n h e r e ­
s igned his a c a d e m i c w o r k to r e t i r e to his e s t a t e a t G l e n l a i r 
in S c o t l a n d , M a x w e l l e x p e r i m e n t e d a n d w r o t e o n these 
v a r i e d phys ica l topics . T h e swing t o w a r d s a p r i m a r y in te r -

Lines of Force a n d Equipotent ia l Surfaces as s h o w n in M a x w e l l ' s , 
" E l e m e n t a r y Treat i se o n Electr ic i ty ," 1988 
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est in e lec t r ic i ty a n d m a g n e t i s m b e c a m e def ini te w h e n the 
Bri t ish Associa t ion C o m m i t t e e e n d e a v o r e d to d e t e r m i n e a 
set of e lec t r ica l s t a n d a r d s in 1862. I t was u n d e r M a x w e l l ' s 
d i r ec t ion t h a t e x p e r i m e n t s b e g a n to fulfill this r e q u i r e m e n t . 
T h e v a g u e t h e o r y w h i c h F a r a d a y h a d n o t e d in 1832 in 
w h i c h h e c o m p a r e d t h e diffusion of m a g n e t i c forces from a 
m a g n e t i c po le to r ipp les on w a t e r , to s o u n d or to t h e v ib r a ­
t ions of l ight , M a x w e l l clarif ied in f i rm m a t h e m a t i c a l 
d e m o n s t r a t i o n s in his " D y n a m i c a l T h e o r y of t h e E lec t ro -
d y n a m i c F i e l d , " p u b l i s h e d in 1865 . I n this p a p e r M a x w e l l 
t r e a t e d t h e t ransmiss ion of e lectr ic a n d m a g n e t i c forces 
t h r o u g h a m e d i u m in m a t h e m a t i c a l t e r m s a n d c o n c l u d e d 
w i t h t h e e l e c t r o m a g n e t i c t h e o r y of l ight . T h e s a m e a p ­
p r o a c h was fol lowed in t h e p r e p a r a t i o n of M a x w e l l ' s m o s t 
i m p o r t a n t p u b l i c a t i o n , his classic " T r e a t i s e on Elec t r ic i ty 
a n d M a g n e t i s m " t h a t a p p e a r e d in 1873 in t w o q u a r t o vol­
u m e s . T h e first scientific c o n t r i b u t i o n w a s a p a p e r p r e ­
sen ted before t h e R o y a l Socie ty of E d i n b u r g h w h e n M a x ­
wel l w a s on ly fifteen. T h e insp i r a t ion t h a t w a s to ho ld 
h i m t h r o u g h o u t his life a p p e a r e d shor t ly after his g r a d u a ­
t ion f rom C a m b r i d g e as a m e m o i r en t i t l ed , " O n F a r a d a y ' s 
L ines of F o r c e . " 

A l t h o u g h r e g a r d e d as unnecessa r i ly c o m p l e x b y his con ­
t e m p o r a r i e s , t h e m a t h e m a t i c a l t r e a t m e n t in def in ing elec­
t r ica l a n d m a g n e t i c r e l a t ionsh ips , t h e inc reas ing c o m p l e x i t y 
of e lec t r ica l u sage , a n d t h e t r a i n i n g of e lec t r ic ians a n d 
physicists in s u b s e q u e n t g e n e r a t i o n s h a s p r o m p t e d t h e m to 
refer to M a x w e l l for a c lea r u n d e r s t a n d i n g of these basic 
r e l a t ionsh ips . H i s c o n t a c t w i t h F a r a d a y a t t h e R o y a l Ins t i ­
t u t i o n w h e r e M a x w e l l l e c t u r e d in 1861 m a d e h i m a d m i r e 
n o t on ly F a r a d a y t h e m a n b u t also F a r a d a y t h e exper i ­
m e n t e r . M a x w e l l w a s e n g a g e d , in p a r t i c u l a r , b y F a r a d a y ' s 
c o n c e p t of t h e n a t u r e of t h e space or field exis t ing a r o u n d 
a m a g n e t i z e d or electrif ied b o d y (so r e m a r k a b l y r evea led 
b y i ron filings). M a x w e l l t h e r e u p o n d e c i d e d to s t u d y this 
field a n d to give its p rope r t i e s m a t h e m a t i c a l express ion. 
H e rea l i zed t h e n , as w e d o inc reas ing ly t o d a y , t h a t t h e r e 
w a s m o r e k n o w l e d g e c o n c e r n i n g t h e laws r e l a t i ng to m a t t e r , 
m o t i o n , a n d e n e r g y t h a n g ra sp a n d u n d e r s t a n d i n g of t h a t 
w h i c h s e e m e d to p e r v a d e e v e r y t h i n g a n d yet was resolved 
to n o t h i n g . H e rea l i zed t h a t " t h e work of m a t h e m a t i c i a n s 

Bern D i b n e r is president, Burndy Engineering Company, Inc., Norwalk, Conn. 

ELECTRICAL ENGINEERING Dibner— Ten Founding Fathers 



is of two k inds , o n e is c o u n t i n g , t h e o t h e r is t h i n k i n g , " a n d 
he r e g a r d e d t h i n k i n g as a n o b l e r t h o u g h m o r e expensive 
occupa t ion t h a n c o u n t i n g . H e wished to r ep re sen t t he 
physical un ive r se n o t in d i rect ionless symbols , d e n o t i n g 
m e r e quan t i t i e s , b u t in d y n a m i c vec to r t e r m s in w h i c h one 
cou ld th ink a b o u t a m a t e r i a l sys tem in a r e la t ive posi t ion of 
its pa r t s . T h e m i n d h a d to 
shift from a t h r e e c o - o r d i n a t e 
system to a p o i n t of space h a v ­
ing m a g n i t u d e a n d d i r ec t i on . 
T h u s , t h e p h e n o m e n a of s ta t ic 
electr ic i ty , e l e c t r o m a g n e t i c 
a t t r a c t i on , e lec t r ica l i n d u c ­
t ion, a n d d i a m a g n e t i s m w e r e 
v iewed as t h e p r o d u c t s of ac­
tions t h a t p r o c e e d in a n ex­
ci ted b o d y a n d its s u r r o u n d i n g 
field. A p p l y i n g his e q u a t i o n s 
to t he p r o p a g a t i o n of a m a g ­
net ic d i s t u r b a n c e t h r o u g h a 
n o n c o n d u c t i n g field, h e con ­
c l u d e d t h a t t h e veloci ty of p r o ­
p a g a t i o n " i s so n e a r l y t h a t of 
l ight , t h a t it seems w e h a v e 
s t rong reason to c o n c l u d e t h a t 
l ight i t se l f—including r a d i a n t 
hea t , a n d o t h e r r a d i a t i o n s if 
a n y — i s a n e l e c t r o m a g n e t i c 
d i s t u r b a n c e in t h e fo rm of 
waves p r o p a g a t e d t h r o u g h 
the i r e l e c t r o m a g n e t i c field ac ­
c o r d i n g to e l e c t r o m a g n e t i c 
l a w s " a n d " L i g h t consists in 
t ransverse u n d u l a t i o n s in t h e 

s a m e m e d i u m w h i c h is t h e c a u s e of e lectr ic a n d m a g n e t i c 
p h e n o m e n a . " I n these t e rms , t h e c o n c e p t of t h e e lec t ro­
m a g n e t i c field c o u p l e d w i t h O h m ' s l a w as a bas ic p r inc ip l e , 
he es tabl ished t h e e l e c t r o m a g n e t i c t h e o r y of l ight , a n d de ­
d u c e d there f rom t h e c o m m o n o p e r a t i n g laws of e lect r ic i ty 
a n d m a g n e t i s m . T h e n l ight , e lec t r ic i ty , a n d m a g n e t i s m be ­
c a m e extensions of t h e s a m e o p e r a t i o n . 

M a x w e l l inves t iga ted t h e k ine t ic e n e r g y t h a t possibly 
m i g h t b e possessed b y a n electr ic c i r cu i t w h e n in r a p i d 
m o t i o n a n d in 1861 h e c o n s t r u c t e d a n a p p a r a t u s to de t e r ­
m i n e its v a l u e . T h e a p p a r a t u s consis ted of a c e n t r a l e lec t ro­
m a g n e t c a p a b l e of b e i n g r o t a t e d a b o u t its h o r i z o n t a l axis 
b e t w e e n pivots , a n d a r i n g w h i c h revolves a b o u t a ver t ica l 
axis. T h e r e w a s i n d e p e n d e n t n e u t r a l i z a t i o n of t h e e a r t h ' s 
field a n d t h e p ivots w e r e used as c o n d u c t o r s to ene rg ize t h e 
coil. A n y possible a n g u l a r m o v e m e n t of t h e coil t o w a r d s 
t h e ver t ica l w a s obse rved d u r i n g t h e r o t a t i o n of t h e r i ng . 
M a x w e l l o p e r a t e d t h e dev ice a n d c o n c l u d e d t h a t if a m a g ­
ne t con ta in s m a t t e r in r a p i d m o t i o n , t h e a n g u l a r m o m e n ­
t u m of such r o t a t i o n w o u l d be ve ry smal l c o m p a r e d w i t h 
a n y m e a s u r e a b l e q u a n t i t i e s . H e also c o n s t r u c t e d a dy­
n a m i c a l m o d e l to d e m o n s t r a t e t h e e q u a t i o n s of e lectr ic c u r ­
rents , as in t h e case of t w o i n d u c t i v e c i rcu i t s . 

I n 1871 M a x w e l l w a s a p p o i n t e d t h e first professor in t h e 
newly f o u n d e d c h a i r of e x p e r i m e n t a l physics a t C a m b r i d g e 
a n d h e devo t ed himself to t h e task of es tab l i sh ing t h e 

C a v e n d i s h L a b o r a t o r y , a f o u n t a i n h e a d of phys ica l knowl ­
e d g e w h e r e O h m ' s l a w for me ta l l i c c o n d u c t o r s w a s verif ied. 
I t w a s f i t t ing there fore t h a t shor t ly the rea f te r M a x w e l l also 
shou ld ed i t t h e e lec t r ica l r e s ea r ch of H e n r y C a v e n d i s h , t he 
ear l ies t of q u a n t i t a t i v e e lec t r ic ians . A t C a m b r i d g e , t h e 
b i r t h p l a c e of n u c l e a r physics , e x p e r i m e n t s w e r e m a d e im­

p o r t a n t t o t h e e l ec t romagne t i c 
t h e o r y , e s tab l i sh ing t h a t t h e 
u n i t of c h a r g e in e l e c t r o m a g ­
ne t i c un i t s b e a r s a r a t i o to t he 
u n i t of c h a r g e in e lec t ros ta t ic 
un i t s t h a t is n u m e r i c a l l y a n d 
d i m e n s i o n a l l y e q u a l t o t h e 
speed of l ight . M a x w e l l p r e ­
d i c t ed t h a t l igh t exe r t ed m e ­
c h a n i c a l p ressure a n d this 
p r o m p t e d Crookes to devise 
t h e r a d i o m e t e r t o d e m o n ­
s t r a t e this p h a s e of ene rgy 
convers ion . 

T h e exis tence of e lectro­
m a g n e t i c w a v e s h a d b e e n 
i n d i c a t e d b y M a x w e l l ' s e q u a ­
t ions . I t was 15 years la te r 
t h a t H e i n r i c h H e r t z of K a r l s ­
r u h e d e m o n s t r a t e d t h e exist­
e n c e of such e l e c t r o m a g n e t i c 
w a v e s in t h e space a b o u t a 
d i s c h a r g i n g L e y d e n j a r . L a t e r 
H e r t z e x p a n d e d t h e exper i ­
m e n t s b y us ing i n d u c t i o n coils 
j o i n e d to me ta l l i c sheets a n d 
bal ls . T h e spaced second con­
d u c t o r h a v i n g a smal l g a p in its 

c i r cumfe rence showed t h a t osci l la tory d i scharges took p l ace 
b e t w e e n t h e m e t a l sheets in t h e form of sparks a p p e a r i n g in 
the g a p of t h e s e c o n d a r y d e t e c t o r . H e r t z c a l c u l a t e d t h e 
va lue of t h e ve loc i ty of p r o p a g a t i o n in t h e a i r a n d found it, 
as M a x w e l l h a d p r e d i c t e d , to b e t h e o r d e r of t h a t of l ight . 
T h i s evo lved i n t o s ignal l ing t h r o u g h space a n d has ex­
p a n d e d f rom this b e g i n n i n g i n t o m o d e r n r a d i o c o m m u n i ­
c a t i o n . 

I n 1860 t h e R o y a l Soc ie ty p r e s e n t e d t h e R u m f o r d M e d a l 
to M a x w e l l for his r e s e a r c h in l igh t a n d in t h e fol lowing yea r 
h e p r e s e n t e d his first l e c t u r e a t t h e R o y a l I n s t i t u t i on u n d e r 
t h e sponsorsh ip of F a r a d a y , o n e w h o m M a x w e l l a d m i r e d 
m o r e t h a n a n y o n e else a m o n g his co l leagues . M a x w e l l 
de l ive red t h e i n a u g u r a l l e c t u r e a t t h e C a v e n d i s h L a b o r a ­
to ry in 1 8 7 1 , b u t a c t u a l r e s e a r c h d i d n o t c o m m e n c e t h e r e 
for a n o t h e r 3 yea r s . H e sponso red p o p u l a r i z a t i o n of diffi­
cu l t scientific subjects a n d c o n t r i b u t e d his o w n " M a t t e r a n d 
M o t i o n " as a n e x a m p l e of such a s imple a n d luc id p r e s e n t a ­
t ion. H e w r o t e del ight fu l h u m o r o u s poe t ry , often p o k i n g 
fun a t his co l leagues . H e w a s especia l ly h o n o r e d to receive, 
in 1878, a d o c t o r a t e a n d t h e V o l t a M e d a l f rom t h e U n i ­
vers i ty of P a v i a , t h e school w h e r e V o l t a t a u g h t . T h e void 
left b y t h e ea r ly d e a t h of M a x w e l l a t t h e a g e of 48 is still 
felt as efforts t o u n d e r s t a n d t h e phys ica l w o r l d m o v e on 
t o w a r d s t h e p a t h s as o r ig ina l ly o u t l i n e d b y this c o n s u m ­
m a t e i n t e r p r e t e r . 

After a paint ing by Dickinson 

James Clerk Maxwell 
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